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It is shown that so-called dark energy could possible be a manifestation of the gravitational
vortex producing the “gravitomagnetic” (GM) force field: associated with cosmic matter rotation
and inertial spacetime frame dragging. The general relativistic Go¨del-Obukhov spacetime metric
which incorporates expansion and rotation of the Universe is used to evaluate this force. This metric
is expressed here in spherical comoving coordinates. Through a cosmic time evolution, it is shown
that cosmic acceleration is expected when the magnitude of the radial repulsive GM force exceeds
that of the familiar or usual attractive gravitational “gravitoelectric” (GE) force: associated with
just cosmic matter and spacetime warping (or curvature). In general, this phenomenon of cosmic
accelerated expansion appears to have occurred twice in the history of the Universe: the inflationary
phase and the present-day acceleration phase. It is suggested in this model that the two phases
may or may not be related. The cosmological model presented here is described in the context of
Einstein’s Theory of General Relativity in Riemann-Cartan spacetime (the “generalized” Einstein-
Cartan theory of gravity), which includes cosmic rotation, its effect of spacetime torsion, and it
being considered as an intrinsic part of gravity. Also, an associated derived analytical expression
for the cosmic primordial magnetic field is presented. Evolving this magnetic field over cosmic time
shows it to be consistent with theory and observations. In addition, it appears that the spin density
of cosmic matter couples this magnetic field to the GM field, and also couples this magnetic field to
the GE field.
PACS numbers: 98.80.-k, 95.36.+x, 04., 98.80.Jk
I. INTRODUCTION
Einstein’s Theory of General Relativity together with
ordinary matter, described by the standard model of par-
ticle physics, cannot fully explain the observational data
from Type Ia supernovae [1–4], the matter power spec-
trum of large scale structure [5], and the anisotropy spec-
trum of the cosmic microwave background radiation [6],
with all these data suggesting the presence of “dark en-
ergy.” From general relativity, assuming homogeneity
and isotropy, the standard cosmological model is com-
monly described by the Friedmann, Lemaˆıtre, Robertson,
Walker (FLRW) 1920s and 1930s solutions to the Ein-
stein field equations for an expanding universe [Eq. (53)].
According to this standard cosmological model, the ex-
pansion of the Universe, if it contains only non-negative
mass-energy density ρ and pressure p, decelerates, as ex-
pected on the grounds that gravity is attractive and the
cosmological constant Λ is zero. The recent observations
of cosmic acceleration, first discovered and confirmed by
Perlmutter et al. [1] and Riess et al. [3] from type Ia
supernovae, can only be explained by considering repul-
sive gravity. In the standard cosmological model, this
is achieved by models introducing matter with negative
pressure and/or Λ 6= 0 (see [7], and references therein).
Observations suggest that the alleged cosmic acceleration
can only be a very recent phenomenon and must have set
in during the late stages of the mass dominated expan-
sion of the Universe. Subsequent observations by Riess
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et al. [4] identify the transition from a decelerating to
an accelerating universe to be at z = 0.46 ± 0.13. Now,
among suffering from the coincidence problem (e.g.,Why
is the energy density of matter and radiation nearly equal
to the dark energy density today?) and the cosmological
constant problem (e.g., How could Λ have been so large
during inflation but so incredibly small today?), the stan-
dard model does not explain why the acceleration has
started in the recent past.
To avoid resorting to anthropic principle arguments to
gain acceptance of the above mentioned models, of p < 0
and/or Λ 6= 0, which are constrained by the so-called
standard cosmological model, perhaps we should seek a
wider understanding of a general relativistic cosmology,
not constrained by non-rotation, a spacetime being an ex-
tension of the standard cosmological model. This “new”
standard cosmological model then should take into ac-
count cosmic rotation as well as cosmic expansion: two
degrees of freedom. When this is done, we find that a re-
pulsive force of gravity is a natural occurrence and could
possibly provide an explanation for the recent accelera-
tion phase of the present-day Universe, and possibly shed
light on our understanding of the physics of inflation in
the early Universe.
In this paper, the nature of so-called dark energy is
investigated. The aim is to answer the question, Could
dark energy be a manifestation of gravity? i.e., Could it
be that component of gravity, the so-called gravitomag-
netic (GM) force field, associated with cosmic rotation
and inertial spacetime frame dragging? Inertial is used
here in the general dynamical sense. It seems reasonable
to refer to the cosmic expansion frame as an inertial (or
“flat”) spacetime frame in a general relativistic dynami-
2cal sense because it appears to have inertial force prop-
erties as well as inertial motion properties. The Go¨del-
Obukhov metric [8, 9] which incorporates expansion and
rotation of the Universe, derived from general relativity,
is used to define spacetime separation (or distance), in
this quest to answer the above question. Importantly,
the Go¨del-Obukhov metric or geodesic line element can
ensure the absence of closed timelike curves, making it
completely causal, different from the originally proposed
Go¨del metric [10]. The Go¨del-Obukhov cosmological
model [8] contains parameters which smoothly interpo-
late between this cosmology and the standard FLRW cos-
mology (which describes an isotropic and homogeneous
universe filled with matter: commonly represented by an
ideal fluid). Note, the independent nature of vorticity as
associated with shear of a fluid and pure rotation does
not allow limits on cosmic rotation to be placed by lim-
its on vorticity [8, 9, 11]. Namely, the Go¨del-Obukhov
spacetime metric is shear-free but the vorticity and ex-
pansion are nontrivial. It is not vorticity of pure cosmic
rotation that would lead to anisotropy of the microwave
background radiation temperature distribution, but ef-
fects of vorticity associated with a shearing force.
The Go¨del-Obukhov model (sometimes referred to as a
Go¨del-type model with rotation and expansion) does not
conflict with any known cosmological observations. The
Go¨del-Obukhov cosmological model is a Bianchi type III,
which means that the metric of Eq. (2) is shear free,
spatially homogeneous, and isotropic in the cosmic mi-
crowave background (CMB) radiation (like the standard
FLRW cosmology) for any moment of cosmological time
t [8]. Importantly, the Go¨del-Obukhov model is not the
Bianchi type VIIh. The Bianchi type VIIh has shear and
is anisotropic in the CMB radiation: of which WMAP
[12] and Plank observations [13] constrain the vorticity at
(ω/H)0 < 8.6×10−10 and (ω/H)0 < 7.6×10−10, respec-
tively. Further, and in summary, the cosmological model
of Eq. (2), with rotation and expansion, does not suf-
fer from the three major problems associated in the past
with cosmic rotation. This cosmological model is causal,
isotropic in the CMB radiation, and parallax free; and
thus, the limits on the cosmic rotation, obtained earlier
from the study of CMB radiation and of the parallaxes in
a rotating world, are not true for the class of cosmologies
in which the Go¨del-Obukhov metric is a member [8].
Among distinctive predictions of the Go¨del-Obukhov
cosmological model are effects on the propagation of light
[9]. Cosmic rotation affects a polarization of radiation
which propagates in this curved spacetime, resulting in
some observable anisotropy [8]. The plane of polariza-
tion of electromagnetic waves is expected to rotate in the
same direction as the cosmic matter; this being caused
by the angular momentum of the gravitating matter [14],
and, thus, inertial frame dragging. This anisotropy in the
polarizations of radio galaxies appears to have been con-
firmed [15–19]. Observational tests have been done that
do not require redshift information, by Jain & Ralston
[20]. They found significant signals of anisotropy in a
large sample of data. Several other observations of radi-
ation propagating on cosmological scales have been found
to indicate a preferred direction, all of which are aligned
along the same axis (e.g., [21–23]). The origin of these
effects, however, may be independent of gravitation and
restricted to modifications of the electromagnetic sector
in which polarization observations are exquisitely sensi-
tive [9]. Perhaps the preliminary evidence for alignment
of handedness of spiral galaxies indicating a preferred
axis [23, 24] and the model presented in this present
manuscript will lend support to the possibility that such
effects may indeed be gravity related.
Dark energy is the popular motivation to con-
sider models beyond the standard Friedmann-Robertson-
Walker spacetime metric, such as the the Go¨del-Obukhov
model. Early observational data [5, 25] appear to fit
a flat cosmology with Ωmat ∼ 0.27 and ΩΛ ∼ 0.73 for
matter and dark energy density parameters, respectively,
in the popular lambda cold dark matter (ΛCDM) cos-
mological model, which assumes negative pressure in a
FLRW cosmology. These fits assume an isotropic uni-
verse, while, at face value, the data used in the fits
substantially contradicts isotropy [9], at least it appears
so from the observational tests mentioned above. Jain
et al. [9] used large redshift type Ia Supernova data
(see [9], and references therein) and related magnitudes,
to place constraints upon parameters appearing in the
Go¨del-Obukhov metric (which does not have the restric-
tion of an isotropic universe). This is done by obtaining
bounds on an anisotropic redshift versus magnitude rela-
tionship and on accompanying parameters of the Go¨del-
Obukhov metric. They found that the outcome depends
on what are used for the host galaxy extinctions. The
most reasonable fits do not show any signals requiring
anisotropy. Yet, the existence of some small anisotropy
cannot be ruled out. It appears that their findings are
consistent with present-day observations, and it might be
reasonable to investigate models that perhaps yield some
anisotropy, particularly the Go¨del-Obukhov model.
The Go¨del-Obukhov metric, with exact general rela-
tivistic solutions as expressed by the cosmic scale factor
R = R(t) and its derivatives [8], describing the evolu-
tion of R, just as commonly done for the Friedmann-
Robertson-Walker metric, avoids the principal difficulties
of old cosmological models with rotation, where R de-
scribes the expansion of physical spatial distances. For
example, the Go¨del-Obukhov metric is consistent with
isotropy of the microwave background radiation, like the
standard cosmology, and it produces no parallax effects.
The final state according to this metric depends on the
values of two cosmological coupling constants (discussed
below) in which torsion can cause the Universe to ei-
ther accelerate or decelerate (R¨/R > 0 or R¨/R < 0) or
prevent cosmological collapse (R¨/R ≈ 0), with these con-
stants playing a similar role to that played by the elusive
cosmological constant, Λ, in the FLRW spacetime cos-
mology. However, the origin and the physics of these
spin-torsion cosmological coupling constants [8] can be
3readily identified.
Using the Go¨del-Obukhov metric to define separation
of spacetime events, we find that cosmic acceleration is
expected when the radial repulsive GM force (associated
with rotational energy) exceeds the familiar attractive
radial “gravitoelectric” (GE) force (associated with rest
mass energy or mass-energy).1 This appears to be some-
what the idea behind Einstein’s introduction of the cos-
mological constant Λ, when he introduced it in his The-
ory of General Relativity to explain how the Universe
could resist collapse under the inward force of gravity.
However it was later thrown out by Einstein as his great-
est blunder. It seems that he did not see any use for Λ
in a universe already expanding according to the Hub-
ble law, before discarding it. In any case, maybe Λ, in
a general sense, is like the Hubble parameter H that
changes over time with the age of the Universe. That
is, just as the Hubble parameter relates to cosmic expan-
sion of the Universe, and, as we shall see, cosmic rotation,
perhaps Λ relates only to the effects of cosmic rotation.
In the Go¨del-Obukhov spacetime cosmology, presented
here, two cosmological coupling constants (λ1 and λ3 [8])
due to rotation (or spin) and torsion (as related to gen-
eral relativistic frame dragging or the so-called Lense-
Thirring [26] effect) in curved spacetime take on the role
of Λ. Moreover, we find that the Go¨del-Obukhov space-
time cosmology appears not only to explain recent ob-
servations of the accelerated expansion, but suggests a
dynamical description of the Universe over time that is
a natural general relativistic extension of the standard
FLRW cosmology. In this sense the answer to the ques-
tion posed in the title appears to be yes.
The organization of this paper is as follows. In Sec. II,
a detailed description is presented of the model used here
to explain the present epoch acceleration of the Universe:
as being a gravitational-rotational-inertial phenomenon.
A formalism containing the astrophysical and mathe-
matical descriptions of the components to validate the
model’s claims is presented in Sec. III. It includes ana-
lytical derivations of the Go¨del-Obukhov metric in spher-
ical comoving coordinates, the cosmic radial GM and GE
force fields, and the density of the Universe, where the
GE and GM fields are the gravitational analogues of elec-
tric and magnetic force fields, respectively. In general,
the GE and GM fields relate directly to the total mass
and rotation, respectively, of a gravitating system (see,
e.g., Refs. [27, 28]). Also, included are the cosmological
parameters used, which includes the cosmic rotational (or
angular) velocity, the scale factor, and the Hubble con-
stant. The numerical results from evolving the analytical
1 The terms gravitomagnetic and gravitoelectric defined in this
manuscript are not the same as those defined in so-called gravito-
electromagnetism (sometimes loosely referred to as gravitomag-
netism), which is a mathematical analogy between weak gravity
and Maxwell’s equations for electromagnetism (see Mashhoon,
B., 2003, arxiv:gr-qc/0311030).
expressions for the GE and GM accelerations over time
are presented in Sec. IV. The Discussion is presented in
Sec. V. Included in Sec. V, an analytical expression for
the cosmic magnetic field [Eq. (92)] given by the Go¨del-
Obukhov metric in terms of the spin density is evolved
over cosmic time and compared with observations and
theory. This expression suggests how the magnetic field,
the mass density, and the GM field might be related
through the spin density. Also included in Sec. V, the
equation of state from Obukhov [8] is used to test the
validity of these present model calculations. In Sec. VG
a summary is given of the individual Discussion sections.
Conclusions are presented in Sec. VI.
II. MODEL DESCRIPTION
It seems reasonable to assume that at t ≈ 0 the Uni-
verse had, at least, two degrees of freedom: translational,
associated with the expansion and collapse (or infall), in
the eˆr-direction and rotational, associated with cosmic
rotation, in the eˆφ-direction where eˆr and eˆφ are global
unit vectors of the cosmological spacetime continuum.
Rotation at t ≈ 0 is consistent with the Go¨del-Obukhov
spacetime metric [8], which allows for rotation and ex-
pansion.
Note, here we will assume that the only different be-
tween the FLRW cosmology and the Go¨del-Obukhov
[8] cosmology is the rotation (producing inertial frame
dragging), meaning that the properties that apply to
the mass-energy (producing the warping or curvature of
spacetime) apply to both cosmologies. For example, the
general form of the mass-energy critical density ρc and
the form of the solution of the scale factor R(t) [compare
Eqs. (54), (83), and (64)] are of the same form in both
cosmologies, save for the difference due to the effects of
cosmic rotation. This appears to be a valid assumption.
For the initial conditions of the Universe, although
speculative but consistent with the Go¨del-Obukhov cos-
mology, we will assume that a gravitationally unbound
“hot” energetic rotating and expanding dense plasma ex-
isted at t ≃ 5.4−44 s, the Planck time, with the ob-
servable universe corresponding to the Planck length,
lP ≃ 1.6× 10−33 cm. We assume that this rotating mat-
ter is “embedded” in an inertially expanding spacetime
coordinated frame, inertia as analogous to Newton’s first
law of motion. This inertially expanding frame, how-
ever, can be associated with an inertial force field that
wants to expand the cosmic spacetime matter out of ro-
tation, while the cosmic matter wants to drag (or torque)
the inertially expanding frame into rotation. The iner-
tial frame dragging angular velocity oriented along the
global z-axis (or symmetry axis) is ωFD < 0 [Eq. (27)],
with frame dragging in the direction of the cosmic rota-
tion. It seems that the cosmic rotation is coupled with
gravity and the inertial expansion is associated with the
initial force that “ignited” the Big Bang.
Now, let us go further to assume that the Big Bang
4was perhaps due to this inertial force “stretching” the
cosmic matter apart as spacetime expands (like split-
ting the nucleus of an atom) with a cosmic cataclysmic
quantum-gravitational, EU = MUc
2, type explosion that
caused infinitely dense matter to expand relativistically
outward due to a force with a strength similar to that of
the quantum-gravitational singularity that gives rise to
the event horizon of a black hole, where MU is the total
mass of the Universe at t = 0, and EU is the total energy
of the Universe. It seems that this inertial force wants to
“flatten” spacetime wherein world lines will have straight
instead of curved geodesics. This inertial force appears to
play an intrinsic part in the process from whence our Uni-
verse is expanded. Perhaps its origin was the initial force,
as mentioned above, needed to release the infinitely large
binding energy trapped in pre-existing Big Bang condi-
tions in which, at least, the physical forces of nature were
unified.
The proposed existence of this cosmic inertial force
field appears to be similar to the idea that Einstein had
in proposing, in his Theory of General Relativity (see
Ref. [29]), that “world-matter” (the matter he postulated
to be the origin of the energy of inertia) was located at
the boundary of the Universe, and controlled and pro-
vided energy for the whole Universe, from so-called su-
pernatural masses. It appears that de Sitter [30] later
persuaded Einstein to adopt a new hypothesis with the
world-matter not at the boundary of the Universe, but
distributed over the whole Universe, proposing the Uni-
verse to be finite, though unlimited (a sphere or an el-
lipse). In this new hypothesis inertia is produced by the
whole of world-matter, and gravitation is produced by
local deviations from homogeneity. Thus, in terms of
modern general relativity, the mass-energy density ρ(t)
regulates the warping of the spacetime continuum, while
supplying the small scale inhomogeneity to the original
homogeneously expanding Universe. It appears that the
cosmic expansion frame is inherently a “flat” spacetime
continuum; and that the spacetime continuum has field
properties, analogous to the electromagnetic field [31].
The spacetime continuum expansion, it seems, has the
inertial property of electricity and light (or electromag-
netic radiation), and the gravitational property of general
relativity wherein the spacetime continuum (or so-called
world-matter) can be warped (or dragged) by the pres-
ence of mass-energy and momentum.
Now if we constitute Einstein’s new hypothesis with
properties of the proposed inertial field, then, based on
this constitution, the global gravitational field of the ro-
tating cosmic matter is a deviation from uniformity of
the cosmic inertial expansion. If the energy of inertia
is to keep the Universe expanding, then deviations from
this due to gravity and rotation would have negligible
effects locally, i.e., on small scales, but on large scales,
say globally, any significant deviation may have an ef-
fect on the expansion rate. This has been realized in the
standard cosmological Big Bang model described by the
Friedmann-Robertson-Walker metric, and incorporated
in the deceleration parameter:
q = q(t) ≡ qt = − R¨R
R˙2
, (1)
which depends on the Hubble parameter H(t) [compare
Eq. (6)], as related to the mass (or mass-energy) density
ρ(t) of the Universe [see Eqs. (54) and (57)], and the
scale factor R and its derivatives, with Λ = p = 0 in
Eq. (53), where, when the subscript is 0, it means t = t0,
the present epoch.
A further example of affecting the expansion is the re-
cently observed cosmic acceleration. Now, gravitating
systems are associated with mass and, it seems safe to
say, rotation (through conservation of angular momen-
tum). Since the mass density has an effect on the space-
time expansion, thus determining the geometry in the
standard cosmological model, then cosmic rotation (ap-
pearing to be a property of gravity through conserved
angular momentum) may also have an effect on the ex-
pansion. The apparent tendency of the inertial spacetime
continuum force field (or so-called world-matter) to stay
expanding as a flat spacetime continuum and the drag-
ging of this inertial spacetime frame by the rotating cos-
mic matter are the physical mechanisms proposed here
to be the origin of recently observed acceleration of the
comic expansion.
Consistent with what is allowed by the Go¨del-Obukhov
spacetime metric, the frame dragging angular velocity,
ωFD, can be < 0 or > 0, with the < 0 expression natu-
rally being chosen if we express ωFD in the usually sense,
as we shall see in the following section. To understand
physically what is meant by ωFD < 0, we use the analogy
of a rotating black hole. As mentioned above we assume
that the Universe has two major degrees of freedom, rota-
tion and expansion (which includes infall). Now, in the
case of a massive rotating black hole, the gravitational
force of the black hole drags inertial frames into rotation,
with ωFD > 0, in the direction of the rotating black hole.
But in the case of the cosmic matter of the Universe,
undergoing what one might call an “anti-gravitational”
expansion (i.e., a reversed gravitational collapse), the in-
ertial spacetime frame of the expansion force appears to
be dragged (or torqued) by the cosmic matter, into ro-
tation, with ωFD < 0, in the direction of the rotating
universe. In both cases, a relativistic fictitious force is
produced, which we refer to as the GM force, that acts
on any moving matter or particle in the dragged frame.
It is like say the Coriolis force acting on moving matter
in a rotating frame, and analogous to the Lorentz force
acting on a charged particle in a magnetic field: thence
came the word GM (see, e.g., Ref. [27]). However, im-
portantly, in the case of the Universe, with ωFD < 0,
this GM force is of a repulsive nature, and could very
well be associated with the present-day observed cosmic
acceleration. Note, in the case of the black hole, with
ωFD > 0, the GM force is also of a repulsive nature (see
Refs. [28, 32, 33]).
Now, consistent with the degrees of freedom stated
5above, we will assume that at t ∼ 10−43 s, at least three
large-scale forces, producing the following magnitudes of
acceleration, were present to act on the mass-energy of
the Universe: (1) the GE acceleration of gravity gGE asso-
ciated with ρ(t); (2) the GM acceleration of gravity gGM
associated with cosmic rotational velocity ωrot, with di-
rection ωrot < 0 [8]; and (3) the initial acceleration of
the expansion aI associated with the inertial spacetime-
expanding coordinate frame (indicated by subscript I).
Next, we consider the following scenario: If we assume
that the energy, or the work done by the force, of the
Big Bang at t = 0 was enough to overcome the infinitely
large binding force associated with gGE (due to the mass-
energy that initially warped spacetime closed), then we
will have expansion, with aI & gGE, implying a flat or
open universe. We assume that at the event of the Big
Bang the Universe became gravitationally unbound, with
matter transforming to relativistic particle expansional
and rotational energy. The Universe, in general, will ex-
pand with the expansion velocity given to it by the force
of expansion, FI = FI(t), which appears to be expressed
by FI ∼ EU c−2H2r, where, again, H = H(t) is the Hub-
ble parameter, and r = r(t) is the spacetime separation
between events [Eq. (58)]. Since in the Big Bang “ex-
plosion” matter was converted entirely into energy, then
the expansion velocity vI , at t ≈ 0, was at least ≈ c,
the speed of light. The acceleration of the expansion,
aI ∼ H2r, will decrease over time. If the scenario ended
here, add inflation, and exclude rotation, this would be
a universe explained by the standard FLRW cosmology,
more or less. But with the existence of gGM, associated
with the non-inertial rotating frame, the expanding mass-
energy of the Universe will experience an additional ac-
celeration, perhaps one related to the recently observed
cosmic acceleration. Now, this is where the FLRW cos-
mology develops the well known problems pointed out
in Sec. I, i.e., when attempting to explain the physics
of the accelerated expansion (or cosmic acceleration) we
observe to exist in the present-day Universe.
It appears that the inconsistencies in the standard
cosmological model of the Friedmann-Robertson-Walker
spacetime metric might be due to our lack of considering
the effects of cosmic rotation, which requires the use of
a rotating and expanding cosmological spacetime metric,
like that employed in this present paper. In the follow-
ing sections the physics we need to further discuss the
model described above, and to test its validity with ob-
servations, is devised.
III. FORMALISM
A. The Go¨del-Obukhov Spacetime Metric in
Spherical Coordinates
The Go¨del-Obukhov [8, 9, 34] shear free and spatially
homogeneous spacetime metric, defining separations of
events in Cartesian comoving coordinates, is given by
[8, 9]
dτ2 = dt2 − 2√σR(t)emxdtdy
−R2(t)(dx2 + ke2mxdy2 + dz2), (2)
with rotation directed along z-axis and acceleration along
y-axis [36], where dτ is the proper time interval, σ ≡ σ(t)
(Sec. III E), m, and k are related geometrical parameters;
R = R(t) is a time dependent scale factor, and k > 0 en-
sures absence of closed timelike curves (note, k is not
the spatial curvature index unless noted otherwise); with
c = 1 unless noted otherwise. Clearly, σ(t) must be > 0,
and for definiteness, we choose m > 0 [8]. According
to Eq. (2) the Universe is spatially homogeneous, rotat-
ing, and expanding. Note, the usual Go¨del [10] metric
that suffers from the presence of closed timelike curves is
obtained by setting
R(t) = 1, σ(t) = 1, m = 1, k = −1
2
in Eq. (2). The magnitude of the global cosmic rotational
velocity ωrot oriented along the z-axis is [8, 9]
ωrot =
√
ωµνωµν =
m
2R
√
σ
k + σ
≥ 0, (3)
with
m = 2Rωrot
√
k + σ
σ
(4)
(see Eq. 2), where, recall, R = R(t) and σ ≡ σ(t). Thus,
we see that, vanishing of m and/or σ(t) yields zero vor-
ticity.
Upon assuming a spinning fluid of intrinsic angular mo-
mentum along the global z-axis with electromagnetic dy-
namical characteristics in a Riemann-Cartan spacetime
[8, 35, 63], Obukhov [8] gives an exact solution to Ein-
stein’s field equations: an equation of motion describing
the evolution of the scale factor R. From Obukhov [8],
after some algebraic manipulations and substitutions, we
can show that
R¨
R
= −H2 + ω
2
rot
3kσ
(k + σ)(3σ + 4k)
+
1
ω2rot
(
k + σ
144k
)
(4λ23 − λ21)
B4
R8
+
8πG
3c2
(
k + σ
k
)(
c2ρ− p− B
2
R4
)
, (5)
where the variables H , R, ωrot, B (the cosmic magnetic
field strength), ρ, and p are all functions of time; λ1
and λ3 are cosmological coupling constants of the spin
and torsion tensors [8], mentioned in Sec. I. It appears
that the parameters σ and k, in a sense, determine the
magnitude of acceleration of a fluid element due to rota-
tion of the Universe [9, 36]; we shall see more evidence
of this in Sec. III B. Note, B is related to the spin den-
sity (angular momentum per unit volume), as we shall
6see in Sec. VE. Thus, one can see the repulsive nature
of the above equation of motion for the scale factor R,
as found, it appears, independently by Obukhov [8] and
Minkevich [37], from an adaptation of general relativity
to a Riemann-Cartan spacetime. Minkevich, Garkun, &
Kudin [38] have found this repulsive characteristic not
only in the extreme conditions of the early Universe, but
also at sufficiently small energy densities of later times.
Minkevich et al. [38] conclude that the effect of the ac-
celerated cosmological expansion, even of today, is geo-
metrical in nature and is connected with the geometrical
structure of spacetime. Indeed this might be the case:
it appears that these authors are finding the effect that
frame dragging, producing the GM field, has on the ge-
ometry of spacetime. In this present paper, with the
author’s model proposed independently and unaware of
concluding remark by Minkevich et al. [38], it is shown
that the recently observed cosmic acceleration may be
the effect of the frame dragging nature of cosmic rota-
tion, interacting with an inertially expanding spacetime
geometry. Note, in deriving Eq. (5), for a specific epoch
time t,
H = H(t) ≡ Ht = R˙
R
, (6)
the Hubble parameter, was used. In addition, one cannot
help but notice that the first term on the right-hand side
of Eq. (5) is the same as that in the standard FLRW
model: wherein the equation of motion of the cosmic
scale factor reduces exactly to this term when Λ = p =
k (spatial curvature index) = 0 and q = 1 [see Eq. (53)
along with Eq. (54)]. We will return to this and similar
comparisons in Sec. VD.
For the Go¨del-type universe of Eq. (2), the evolution
of the scale factor reveals several possible stages of the
Universe as pointed out by Obukhov [8], and elaborated
on here, in this present paper, based on Eq. (5). The first
stage is short and occurs in the vicinity t = 0. There is
no initial cosmological singularity due to the dominating
spin contribution, a characteristic of Einstein’s gravita-
tional theory in Riemann-Cartan spacetime [35], in which
R(t = 0) 6= 0 implies a regular, as opposed to a singu-
lar, spacetime metric in the transition from compression
(pre-existing Big Bang conditions) to cosmological ex-
pansion. The duration of this first stage is ≪ 1 s, since
the spin term quickly decreases with the growth of the
scale factor [8]. Compare Eq. (3) and the second term on
the right-hand side of Eq. (5). But, importantly, notice
that ωrot in the denominator of third term on the right-
hand side of Eq. (5) will cause this accelerating term to
increase over time in some degree as ωrot −→ 0. Now, at
this stage (≪ 1 s) the fluid source describing the material
of the Universe can be characterized by the approximate
stiff matter equation of state [8]:
p ≈
(
λ1 − 4λ3
6
)
τ2
R6
, (7)
where, in general, as found from Obukhov [8],
p =
(
λ1 − 4λ3
3
)
τ2
R6
− ǫ+ 2B
2
R4
; (8)
τ = τ(t) is the spin density (discussed in Sec. VE); and
ǫ = ǫ(t) = ρc2 is the internal energy density of matter
and radiation, assuming the Big Bang had a relativis-
tic mass-energy origin as mentioned in Sec. II. At some
point in this stage, perhaps at t . 10−36 s, the equation
of state, possibly being that of a gravitational repulsive
“false vacuum” might drive cosmic inflation. Upon sub-
stitution of p from Eq. (7) or Eq. (8) into the forth term
on the right-hand side of Eq. (5), which appears to be
related to the inertial spacetime expansion and cosmic
rotation, it can be shown from the results of this present
investigation that for |4λ3| ≫ |λ1| and λ3 > 0, the rapid
increase of the scale factor at the onset of inflation will
produce a large repulsive acceleration; one that might at
least assists in cosmic inflation [39]. Moreover, during
inflation it is commonly accepted that the scale factor
increases by a factor ∼ eH∆t (as discussed in Sec. III E).
If the Big Bang consisted of some sort of “explosive” ex-
pansion with spin, such initial conditions at t ≈ 0 could
possibly be associated with inflation, at least the initial
condition of the scale factor would be satisfied (see the
following paragraph). This speculation would have to
be investigated further. Next comes the stage when the
scale factor increases like R(t) ∝ t1/2, while the equation
of state is of the radiation type, p ≈ c2ρ/3. This “hot uni-
verse” expansion lasts until the Universe becomes mass
dominated. After this the “modern” stage starts with
the effective dust equation of state p ≈ 0 and, it can be
shown from [8],
ǫ ≈ 2B
2
R4
. (9)
The scale factor still increases, now like R(t) ∝ t2/3, but
the deceleration of the expansion takes place. The fi-
nal stage depends on the value of the third term on the
right-hand side of Eq. (5) referred to as the cosmologi-
cal term by Obukhov [8], containing λ1 and λ3, which
specifically are made up of coupling constants relating
spacetime curvature, spin, and torsion, where torsion can
either accelerate the expansion or prevent cosmological
collapse. Notice the striking similarity of this cosmologi-
cal term and accelerated expansion to the popular view of
the cosmological constant Λ as the source of the present-
day observed accelerated expansion.
The above stages are consistent with the model de-
scription proposed in Sec. II, which includes being con-
sistent with a Big Bang cosmology. This could mean that
if expansion is part of the conditions occurring around
t = 10−43 s, then rotation, which appears to be a natural
phenomenon associated with gravitation, could very well
be a part also. So, avoiding the initial singularity that
exists at R(t = 0) = 0 for the standard FLRW cosmol-
ogy suggests that the Go¨del-Obukhov metric allows us to
7get somewhat closer to conditions existing at t = 0, with
R(t = 0) = 1 [8] or R(t = 0) = e0 = 1, consistent with
inflation (see above). That is, perhaps cosmic rotation
and cosmic expansion are intrinsic parts left over from
the earlier quantum-gravitational spacetime makeup of
the primordial matter of the Universe at t ≃ 0. Imag-
ine that cosmic expansion, and deceleration of cosmic
rotation, of the Universe are like a reversed process of
gravitational contraction (or collapse) and conservation
of angular momentum. This helps one to conceive the
strong possibility of how the two: rotation and expan-
sion, cannot, it appears, be separated in the physics to
describe the Universe, as commonly done by assuming
ωrot = 0.
Importantly, it appears that macroscopic torsion of
spacetime might be directly related to inertial frame
dragging (a Lense-Thirring effect), and, thus, the GM
force field. In support of this, the characteristics of tor-
sion given by Mao et al. [40], that a rotating body also
generates torsion through its rotational angular momen-
tum, and the torsion in turn affects the motion of spin-
ning objects such as gyroscopes, are exactly those of the
GM field (see, e.g., Refs. [27, 28]). In general, torsion in
the Einstein-Cartan theory appears to be produced by
any intrinsic spin density (angular momentum per unit
volume) of mass-energy that torques (or drags) the space-
time continuum whether it be of microscope or macro-
scopic origin: from the intrinsic spin of elementary parti-
cles to that of compact objects (stars, planets and centers
of galaxies) to that of global cosmic matter rotation of
the Universe as a whole. This generality has the poten-
tial to set to rest the controversy surrounding the above
claim by Mao et al. (see Ref. [41]). In this present model
the cosmic rotation (or spin) is intrinsic to the matter
and has a spin density in which the comoving observer
is within the source. Therefore, it seems reasonable to
associate the dominant repulsive nature of Eq. (5) with
that of the GM field. In this paper, we derive the GM
field associated with cosmic rotation to see what role it
may have in the recently observed cosmological acceler-
ated expansion. Further analysis of Eq. (5) will allow us
to identify, as we shall see see in Sec. VD, the suspected
GM acceleration and other terms one would expect to be
measured by a rotating and expanding comoving frame
observer.
Since the Go¨del-Obukhov metric or line element of
Eq. (2) is inconvenient for our present application, we
transform to spherical (polar) coordinates for conve-
nience. Taking spatial homogeneity of Eq. (2) into ac-
count, we assume that the observer’s coordinates are
P = (t = t0, x = 0, y = 0, z = 0) at the local in-
finitesimal point P , where t0 is the present epoch ob-
server [42]. The comoving observer is in free fall, which
naturally, through the Equivalence Principle, makes him
locally an inertial frame observer whose unit four vector is
an orthonormal tetrad [43]. In other words, the comov-
ing observer is the accelerated observer whose frame is
inertial at t = t0, and whose Riemann-Cartan geometry
is Euclidean at the point P [41]. Therefore, it is appro-
priate to use the Euclidean space transformation from
local Cartesian coordinates (x, y, z) to local spherical
coordinates (r, θ, φ) centered on the comoving observer
at point P = (t = t0, r = 0):
x = r sin θ cosφ,
y = r sin θ sinφ,
z = r cos θ; (10)
and derivatives:
dx = sin θ cosφdr + r cosφ cos θdθ − r sin θ sinφdφ,
dy = sin θ sinφdr + r sinφ cos θdθ + r sin θ cosφdφ,
dz = cos θdr − r sin θdθ; (11)
with t being invariant, i.e., t = t′ [see Eq. (13)]. Applying
the above transformations to Eq. (2) yields
dτ2 = dt2 − 2
√
σ(t)R(t)emr sin θ cosφ(sin θ sinφdtdr + r sinφ cos θdtdθ + r sin θ cosφdtdφ)
−R2(t)[(sin2 θ cos2 φ+ ke2mr sin θ cosφ sin2 θ sin2 φ+ cos2 θ)dr2
+(cos2 θ cos2 φ+ ke2mr sin θ cosφ cos2 θ sin2 φ+ sin2 θ)r2dθ2
+(sin2 φ+ ke2mr sin θ cosφ cos2 φ)r2 sin2 θdφ2
+2(cos2 φ+ ke2mr sin θ cosφ sin2 φ− 1)r sin θ cos θdrdθ
+2(ke2mr sin θ cosφ − 1)r sin2 θ cosφ sinφdrdφ
+2(ke2mr sin θ cosφ − 1)r sin2 θ cos θ cosφ sinφdθdφ], (12)
as approved by Obukhov [44]. Note, the transformed
metric of Eq. (12) can also be obtained from the metric
tensor transformation law at any given point [45]:
g′µν =
∂xρ
∂x′µ
∂xσ
∂x′ν
gρσ. (13)
8Now, for simplicity, it seems appropriate to assume
polar axisymmetry of spacetime for this local comoving
observer. If we assume such axisymmetry for the comov-
ing observer, the metric coefficients must be independent
of the azimuthal φ coordinate [i.e., gµν ≡ gµν(t, r, θ)].
This is a valid assumption according to the Killing vector
isometries associated with the Go¨del-Obukhov metric of
Eq. (2) [8]. A Killing vector field is one that preserves the
metric. This means that the Lie derivative of the met-
ric tensor in the direction of a Killing vector vanishes:
Lξgµν = 0. For k > 0 [see Eqs. (2) and (60)], the three
Killings vector fields that provide spatial homogeneity of
the t = constant hypersurfaces are
ξ(1) =
∂
∂y
; ξ(2) =
∂
∂z
; ξ(3) =
∂
∂φ
=
1
m
∂
∂x
− y ∂
∂y
.
(14)
These vector fields indicate that Eq. (2) has symmetry
along y-axis, z-axis, and in coordinate φ direction, i.e.,
azimuthal direction [8, 36]. Recall that the spacetime
metric of Eq. (2) has rotation directed along z-axis and
acceleration along y-axis. Thus, the above clearly means
that the z-axis has symmetry along and axisymmetry
about the axis, validating the above assumption of polar
axisymmetry.
The axial symmetry about the z-axis Killing vec-
tor ξ(3) above allows us to show below that the usual
Euclidean transformation equations from Cartesian to
spherical coordinates yield axisymmetrical spherical co-
ordinates if cosφ −→ 1, which means that we set φ =
0, 2π, 4π, . . . , 2nπ, for integer n, in the equations above.
This defines the infinitesimal (x = r sin θ, z = r cos θ)
planes of axisymmetry about the local z-axis. In other
words, this choice of φ respects the rotation symmetry of
spacetime about the z-axis [36] of the comoving observer
and, thus, simplifies the mathematical description. For
example, in Eqs. (10) and (11), the principal value φ = 0
gives
x = r sin θ,
y = 0,
z = r cos θ; (15)
and derivatives:
dx = sin θdr + r cos θdθ,
dy = r sin θdφ,
dz = cos θdr − r sin θdθ. (16)
In general, if we transform the usual flat 3-dimensional
spatially isotropic metric:
ds2 = dx2 + dy2 + dz2, (17)
in Cartesian coordinates to spherical coordinates us-
ing either the transformations of Eqs. (10) and (11) or
Eqs. (15) and (16), in both cases, we find the geometry
or metric of a hyperspace (t = constant) sphere of radius
r = (x2+ y2+ z2)1/2, with polar-axis symmetry (i.e., ax-
isymmetry about the z-axis), and, in this case, spherical
symmetry as well, surrounding an observer at point P :
ds2 = dr2 + r2dθ2 + r2 sin2 θdφ2. (18)
Similarly, letting cosφ −→ 1, implying substituting
the principle value φ = 0 into the transformed met-
ric [Eq. (12)] or transforming Eq. (2) directly from
Eqs. (15) and (16), the Go¨del-Obukhov metric of Eq. (2)
in spherical coordinates for non-stationary and polar-
axisymmetric characteristics of local spacetime for a co-
moving observer is given by
dτ2 = dt2 − 2
√
σ(t)R(t)emr sin θr sin θdtdφ
−R2(t)(dr2 + r2dθ2 + ke2mr sin θr2 sin2 θdφ2)
(19)
[compare Eq. (2)]. Note, local, in this context, appears to
mean the causally-connected region about the point P in
which the comoving observer measures proper distances.
Now, we know that the metric of Eq. (2) is spatially
homogeneous [8]; then we need the transformed metric
[Eq. (19)] to be homogeneous also. To show that it is
indeed homogeneous, Eq. (19) must have a maximally
symmetrical hyperspace or subspace [44, 45]. This means
that the space is homogeneous on each hypersurface of
constant time or subspace of constant radius. Mathemat-
ically, homogeneity means all points are equivalent, i.e.,
there exist infinitesimal isometries (rotations and trans-
lations) that carry or can map any given point P into any
other point in its immediate (or local) neighborhood. We
compare the Go¨del-Obukhov hyperspace (t = constant)
of Eq. (2):
−dτ2 = R2(dx2 + ke2mxdy2 + dz2)
= R2(dx2 + dz2 + ke2mr sin θr2 sin2 θdφ2)
(20)
to that of Eq. (19):
−dτ2 = R2(dr2 + r2dθ2 + ke2mr sin θr2 sin2 θdφ2)
= R2(dx2 + dz2 + ke2mr sin θr2 sin2 θdφ2),
(21)
where the last steps in Eqs. (20) and (21) are given by
Eqs. (15) and (16), where
dx2 + dz2 = dr2 + r2dθ2, (22)
dy2 = r2 sin2 θdφ2. (23)
We find that the spacetime metrics of Eqs. (2) and (19)
have identical maximally symmetric 3-dimensional sub-
spaces (r = constant), whose metrics −dτ2 = ds2:
ds2 = R2K−1(dθ2 + ke2mr sin θ sin2 θdφ2), (24)
9have positive eigenvalues and a constant of curvature
K = 1/r2, describing the surface on a 2-sphere of ra-
dius r, centered on the origin, guaranteeing homogeneity
of spacetime [45].
It appears that the choice of cosφ −→ 1, giving rise to
the “unique” transformations of Eqs. (15) and (16), sat-
isfies the uniqueness theorem that given two maximally
symmetric metrics with the same K and the same number
of eigenvalues of each sign, it will always be possible to
find a coordinate transformation that carries one metric
into another [45], as in the case of Eqs. (2) and (19).
Moreover, again, and in summary, as found by Obuklov
[8, 36], according to the Killing vector fields [Eq. (14)] and
displayed in the spacetime matrices of Eqs. (2) and (19),
a comoving observer will observe symmetry along y-axis
and z-axis and coordinate φ direction, acceleration along
y-axis, and rotation directed along z-axis.
Next, we identify the following metric coefficients for
our convenience:
gtt = 1,
gtφ = −
√
σ(t)R(t)emr sin θr sin θ = gφt,
grr = −R2(t),
gθθ = −R2(t)r2,
gφφ = −R2(t)ke2mr sin θr2 sin2 θ. (25)
Further, for our convenience, we find the corresponding
inverse metric components:
gtt =
k
k + σ(t)
,
gtφ = −
√
σ(t)
R(t)emr sin θr sin θ[k + σ(t)]
= gφt,
grr = − 1
R2(t)
,
gθθ = − 1
R2(t)r2
,
gφφ = − 1
R2(t)e2mr sin θr2 sin2 θ[k + σ(t)]
. (26)
The frame dragging angular velocity for the Go¨del-
Obukhov metric of Eq. (19), with diagonal component
signature (+, -, -, -, -), is given by
ωFD = − gφt
gφφ
= −
√
σ(t)
R(t)kemr sin θr sin θ
, (27)
where we are assuming it to be given by the general geo-
metrical expression of Bardeen, Press, & Teukolsky [46]
for the frame dragging angular velocity in the Kerr [47]
metric of a spinning mass. This appears to be a valid as-
sumption. In Eq. (27), we see that the frame dragging an-
gular velocity parallel to the symmetry axis, with frame
dragging tangential velocity in the global azimuthal co-
ordinate direction, can be either positive or negative be-
cause of the square root. But ωFD < 0 occurs naturally
it seems, being consistent with the cosmic angular (or ro-
tational) velocity axial vector ωrot < 0 [8]; compare the
magnitude [Eq. (3)].
B. The Cosmic “Gravitomagnetic” (GM) Force
We now derive an expression for the GM force, FGM,
exerted on a test particle (or an object such as a galaxy)
of cosmic space momentum P . Apparently, using the
analogy of a rotating compact object [27, 28], for a ro-
tating general relativistic system such as our Universe,
the general invariant for the GM force measured by an
arbitrary comoving observer can be expressed by(dPdτ

GM
)
i
= HijP
j , i.e.,
dPdτ

GM
=
↔
H · P
(28)
(dτ is the proper time interval), with
Hij = e
−ν(β
GM
)
j|i
(the vertical line indicates the covariant derivative in 3-
dimensional absolute space), where, like in the case of a
rotating black hole [27],
(β
GM
)r = (β
GM
)θ = 0, (β
GM
)φ = −ωFD; (29)
ωFD is given by Eq. (27). The field
↔
H is called the GM
tensor field, and β
GM
is sometimes called the GM po-
tential. We perform the metric component operations in
Eq. (28) to give the following expression for the GM force
exerted, FGM:dPdτ

GM
≡ FGM = [(FGM)r, (FGM)θ, (FGM)φ]
= (HrθP
θ +HrφP
φ)eˆr
+(HθrP
r +HθφP
φ)eˆθ
+(HφrP
r +HφθP
θ)eˆφ. (30)
Here we are only interested in the radial component of
Eq. (30), where we are assuming that the other compo-
nents are not important in explaining cosmological accel-
eration along the line-of-sight of the observer. Therefore,
we need to determine the force in the radial direction:
(FGM)r = HrθP
θ +HrφP
φ
= Hrθg
θθPθ +Hrφg
φφPφ, (31)
where we have used Pµ = gµνPν . [Note, Eq. (30) is a
general expression, existing for any gravitating and ro-
tating system.]
From Hij of Eq. (28) we can identify the so-called
blueshift factor e−ν [≡
√
gtt for a metric with a signature
of diagonal components of the type as in Eq. (19)]. Thus,
from Eqs. (26),
e−ν =
√
k
k + σ(t)
. (32)
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Next we determine the relevant GM tensor compo-
nents: Hrθ and Hrφ, to be substituted into Eq. (31).
These components are given by Hij of Eq. (28):
Hij =
√
gtt (βGM)j|i, (33)
where we have used the definition of Eq. (32). In general
the covariant derivative in 3-dimensional absolute space
is given by
βj|i = βj,i − Γkjiβk (34)
(repeated indices of i, j, k sum over r, θ, φ); so that
Hrθ =
√
gtt (βGM)θ|r
= −
√
gtt Γφθr(βGM)φ, (35)
since, as given from Eq. (29), (βGM)r = (βGM)θ = 0 and
(βGM)φ 6= 0, where
(βGM)φ = gφφ(βGM)
φ
= gφφ(−ωFD)
= −
√
σ(t)R(t)emr sin θr sin θ, (36)
upon substitutions from Eqs. (25) and (27). Note,
(βGM)φ is measured in units of length and (βGM)
φ in
units of per length. Note also that ωFD < 0, yielding
(βGM)φ < 0 and GM potential (βGM)
φ > 0 [Eq. (29)], is
consistent with the description of the model presented in
Sec. II: proposing that the frame dragging, ωFD, tends
to drag (or torque) the inertially expanding spacetime
frame into rotation. Now, similarly,
Hrφ =
√
gtt (βGM)φ|r
=
√
gtt
[
(βGM)φ,r − Γφφr(βGM)φ
]
=
√
gtt
[
∂(βGM)φ
∂r
− Γφφr(βGM)φ
]
. (37)
It can be shown that Hrθ = 0, from Eqs. (25), (26),
(35), and (40); therefore, the GM force in the radial di-
rection relative to an arbitrary comoving observer, given
by Eq. (31), reduces to
(FGM)r = Hrφg
φφPφ. (38)
We want to simplify and analyze the above vector com-
ponent to see under what conditions it may contribute to
a repulsive accelerating force, i.e., we want the GM radial
force component to be repulsive (> 0). We first evaluate
the partial derivative of Eq. (37). From Eq. (36),
∂(βGM)φ
∂r
= −
√
σ(t)R(t) sin θ
∂
∂r
(remr sin θ)
= −
√
σ(t)R(t) sin θ emr sin θ(mr sin θ + 1).
(39)
We next evaluate Γφφr of Eq. (37). In general the Christof-
fel symbol (or affine connection) is given by
Γλµν =
1
2
gλκ
(
∂gκν
∂xµ
+
∂gκµ
∂xν
− ∂gµν
∂xκ
)
. (40)
So, with gtr = gφr = g
φr = gφθ = 0,
Γφφr =
1
2
gφt
(
∂gtφ
∂r
)
+
1
2
gφφ
(
∂gφφ
∂r
)
=
mr sin θ + 1
2r
[
σ(t) + 2k
k + σ(t)
]
, (41)
upon substitution of nonzero metric components from
Eqs. (25) and (26) into Eq. (40). Now we substitute from
Eqs. (26), (39), (41), and (36) into Eq. (37) yielding
Hrφ =
[
kσ(t)
k + σ(t)
]1/2
R(t) sin θ emr sin θ(mr sin θ + 1)
×
{
σ(t) + 2k
2[k + σ(t)]
− 1
}
. (42)
Then, substitution of Eq. (42) and from Eqs. (26) into
Eq. (38) yields the following for the cosmic GM radial
force component along the line-of-sight:
(FGM)r =
{
kσ(t)
[k + σ(t)]3
}1/2[
mr sin θ + 1
R(t)r2 sin θemr sin θ
]
×
{
1− σ(t) + 2k
2[k + σ(t)]
}
Pφ, (43)
in geometrical units (G = c = 1), where σ(t), R(t), and
k are dimensionless; and m has unit of per length.
Next, we want to find an expression for the covariant
component of the azimuthal coordinate angular momen-
tum Pφ, in Eq. (43), for a test particle (or object) moving
in spacetime as measured by an arbitrary comoving ob-
server. Globally relative to the center of a rotating grav-
itational system, in general relativity, the covariant com-
ponent of the azimuthal coordinate angular momentum
Pφ of the energy-momentum four vector of an object of
massM equals the component of the angular momentum
L parallel to the symmetry axis. So, we need the global
angular momentum L of an object (say, galaxy) as mea-
sured by an arbitrary comoving observer at the proper
distance r. The proper distance given by the vector r
only measures the relative position vector, r = rgal−rco,
between the global position vector of the galaxy, rgal, and
global position vector of the observer, rco, with respect
to the global “center” of the Universe, in spherical co-
ordinates. In order to determine L and, thus, Pφ, we
need rgal = r + rco. Since we do not yet, if ever, know
rco (the arbitrary comoving observer’s distance from the
global center), for simplicity we set rco = 0, assuming
that the results, at least, qualitatively, will not change.
This means placing the Go¨del-Obukhov metric [Eq. (19)]
at the global center of the Universe, in this particular
case, for simplicity, allowing us to derive L relative to
the global center out to proper distance rgal = r. This
configuration appears permissible to give reasonable re-
sults since Eq. (5) applies to the global system. Now, in
general, as measured by a comoving observer located at
the global center
L = r× p, (44)
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where p = Mv is the global linear momentum in spher-
ical coordinates; v is the linear velocity tangent to the
trajectory of the mass M . It can be shown in spherical
coordinates that
v = vreˆr + vθeˆθ + vφeˆφ
= r˙eˆr − r sin θφ˙eˆφ, (45)
where the dot represents differentiation with respect to
time, and vθ = rθ˙ = 0, consistent with cosmic rotation
about the global symmetry axis. Therefore, upon substi-
tution and evaluation of the cross product in Eq. (44),
we find that
L = Mωrotr
2 sin θeˆθ. (46)
We immediately identify Eq. (46) as the component of the
angular momentum along the global z-axis (i.e., parallel
to the symmetry axis), with magnitude
L = Mωrotr
2 sin θ = Pφ. (47)
Finally, upon substitution of Eq. (47), into Eq. (43),
the cosmic GM radial force acting on the galaxy of mass
M , moving with angular velocity ωrot, at the distance r,
as measured by a comoving observer over time, expressed
in non-geometrical units, becomes
(FGM)r ∼
{
kσ(t)
[k + σ(t)]3
}1/2[
(m/c)r sin θ + 1
R(t)e(m/c)r sin θ
]{
1− σ(t) + 2k
2[k + σ(t)]
}
Mωrotc
∼
{
kσ3(t)
4[k + σ(t)]5
}1/2[
(m/c)r sin θ + 1
R(t)e(m/c)r sin θ
]
Mωrotc, (48)
repulsive, i.e., (FGM)r > 0, where, again, ωrot is the
magnitude of the global cosmic angular (or rotational)
velocity, and m is given by Eq. (4). This derived GM
force due to frame dragging behaves similar to the tor-
sion term in Eq. (5) (the third term on the right-hand
side) of which the final state, as observed or predicted
by Obukhov [8], can either accelerate or prevent cosmo-
logical collapse. This will be discussed further in the fol-
lowing sections, where we shall see in Secs. IV and VE,
how Eq. (48), expressed as the GM force per unit mass
[Eq. (69)] and subsequently expressed as the GM force
per unit mass per unit length [Eq. (90)], can be com-
pared to the torsion term in the equation of motion of
the cosmic scale factor [Eq. (5)].
C. The Cosmic “Gravitoelectric” (GE)
Acceleration
We now calculate the familiar or usual cosmic grav-
itational acceleration or the GE force per unit of mass
throughout an assumed axisymmetrical expanding uni-
verse (of infinite extent relative to an arbitrary comoving
observer). The magnitude of this negative GE acceler-
ation will be compared to the magnitude of the posi-
tive GM acceleration of Eq. (48) over time to see if and
when acceleration of the cosmic expansion occurs. We
will assume that the scale factor of the FLRW cosmo-
logical model is still at least approximately valid in the
Go¨del-Obukhov cosmology. Support of this assumption
is that the rotating and expanding Go¨del-Obukhov met-
ric [Eq. (2)], in the limit of large times and nearby dis-
tances, reduces to the open metric of Friedmann [48].
Moreover, we will also assume that the derivation of the
GE force per unit mass using spherical axisymmetric co-
moving coordinates is not much different from the FLRW
cosmology using spherical symmetric comoving coordi-
nates. The result will allow us to test the validity of this
assumption, once the exact GE term can be identified in
Eq. (5).
The gravitational potential inside the Universe is as-
sumed to be given by the post-Newtonian approximation,
Φ(r) ≈ −G
∫
d3r′
T 00(r′)
|r − r′| , (49)
for a system of particles (or galaxies) that are bound
together by their mutual gravitational attraction, where,
r−r′ is the relative position vector of the “source” point
r′ with respect to the “field” point r between comoving
arbitrary observers; and where
T 00 =
∑
n
mnδ
3(r − r′) (50)
for a gravitational bound system of massesmn. The com-
ponent T 00 is the rest-mass density, or commonly referred
to as the mass density, of the energy-momentum tensor,
T µν , which serves as the source of the gravitational field.
For nonrelativistic matter Eq. (50) can be set equal to the
mass density ρ(r′). Again, the Go¨del-Obukhov spacetime
metric has spatial homogeneity, and isotropy in the CMB
radiation only, i.e., no spatial isotropy (as one would ex-
pect in a rotating universe). In the FLRW model, the
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Cosmological Principle of spatial homogeneity and spa-
tial isotropy is assumed, which is consistent with CMB
temperature measurements (save for the puzzling anoma-
lies found in the Wilkinson Microwave Anisotropy Probe
temperature maps that are not expected from gaussian
fluctuations [49, 50]), and consistent with large-scale
structure observations (save for the large-scale asymme-
tries that are equally unexpected in an isotropic, homo-
geneous space [51, 52]). These measurements and obser-
vations confirm however, to a strong degree, the Cosmo-
logical Principle. Perhaps the small anomalies and asym-
metries are effects predicted by cosmic rotation and do
not conform to the standard FLRW cosmological model.
Not considering the topology [53] of the Universe,
it seems reasonable to assume that at any given time
the causally-connected observable Universe, r = rH
(Sec. VB), surrounding an arbitrary comoving observer
can be represented by a sphere of homogeneous expand-
ing medium of average mass density ρ = ρ(t) ≡ ρt, such
that for spacetime expanding from a Big Bang origin,
the distance the Universe has expanded from its initial
“point” (or state) is equal to the coordinate separation
between galaxies (or protogalaxies). The above reasoning
allows use of Eq. (49) to derive the GE acceleration (i.e.,
the familiar attractive gravitational acceleration experi-
enced by all galaxies throughout a spacetime-expanding
universe independent of cosmic rotation). The require-
ment must be that for a “freely falling,” locally flat space-
time observer this gravitational acceleration is approxi-
mately zero, according to the Equivalence Principle. So,
for a point inside a sphere of radii r ≤ rH , with the av-
erage (or uniform) mass density existing throughout the
Universe, ρt, for any given epoch, Eq. (49) yields
Φ(r) ≈ −4πG
∫ rH
0
ρ(r′)
|r − r′|r
′2dr′
≈ −4πGρt
r
∫ r
0
r′2dr′ − 4πGρt
∫ rH
r
r′dr′
≈ −2πGρt
3
(3r2H − r2), (51)
where for the field outside the source we set |r−r′| = |r|
(i.e., r′ = 0) for r′ < r and for the field inside the source
we set |r − r′| = | − r′| (i.e., r = 0) for r < r′ in
the first and second integrals, respectively. Then from
the relationship between the gravitational force per unit
mass or acceleration g and the gravitational potential Φ,
g = −∇Φ, requiring∇×g = 0, Eq. (51) gives the radial
component of the gravitational (i.e., GE) acceleration
(gGE)r ≈ −4
3
πGρr, (52)
assumed to be that measured by an arbitrary comoving
observer at a coordinate separation distance r. With r
being a measure of spacetime separation, it can be iden-
tified as the same r as that in the spacetime metric of
Eq. (19). Equation (52) satisfies the above requirement
that the gravitational acceleration goes to zero as r −→ 0,
as measured by the comoving local inertial spacetime ob-
server. The validation of the above reasoning used in
deriving Eq. (52) will be given in the following section.
Importantly, we shall see that ρt is just the mass density
in the equation of motion of the scale factor in the stan-
dard FLRW cosmology when Λ = p = 0 [see Eq. (53)].
Notice that the GE acceleration or force per unit mass
given by Eq. (52) is negative and opposite the sign of
the radial component of the GM force given by Eq. (48).
The repulsive nature of the GM force is consistent with
it acting to accelerate the cosmic expansion of the Uni-
verse. To test this claim of consistency, in Secs. IV and V,
we will compare the magnitudes of the accelerations pro-
duced by the GM and GE forces at redshift z ∼ 0.5, to
see which is dominant.
To summarize, we are assuming that the Universe can
be represented locally by a spherical axisymmetric cos-
mology [Eq. (19)]. The force per unit of mass gGE of
Eq. (52) expresses the gravitational acceleration (i.e., de-
celeration), due to the average mass density ρt, acting on
say a galaxy of mass M at a distant r, as measured by
an arbitrary comoving observer, where, for this observer,
r −→ 0, which means that gGE −→ 0, as it should locally,
in accordance with the Equivalence Principle, and, there-
fore, satisfying the requirement above. Notice, however,
the same is not true for (FGM)r of Eq. (48), i.e., FGM does
not go to zero at the observer, where r −→ 0, because
FGM exerts a force on moving inertial frames; then only
if ωrot −→ 0 will FGM −→ 0. In other words, the GM
force in general acts on the momentum of a test particle
(or galaxy) in a rotating frame [compare Eq. (28)].
D. The Density of the Universe
We now derive an expression for the mass density ρ(t)
of the Universe, which includes any contribution from
radiation. We assume that the standard FLRW cosmo-
logical model is approximately correct. The Friedmann-
Lemaˆıtre’s solutions to Einstein’s gravitational field
equations yield the following acceleration equation for
the cosmic scale factor R(t):
R¨
R
=
Λ
3
− 4πG
3
(
ρ+
3p
c2
)
, (53)
where the Robertson-Walker metric was used and
k (spatial curvature index) = 0. Then the general ex-
pression for the time-dependent critical mass density is
given by
ρc(t) =
3qH2(t)
4πG
, (54)
with Λ = p = 0, implying specifically a Friedmann cos-
mology, where we have used Eqs. (1) and (6); ρc is the
density needed to make the Universe flat. Note, the way
in which ρc of Eq. (54) was derived, from the standard
FLRW cosmology [Eq. (53)], does not rule out contri-
bution from dark energy and its relation to gravity, but
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only sets Λ = 0, for a matter dominated (p = 0) universe.
This does, however, suggests that the standard FLRW
cosmological model cannot adequately account for the
presence of dark energy. Thus, the critical mass density
ρc in terms of the measured present epoch cosmological
parameters, is given by
ρ(t = t0)c ≡ ρc(t0) = 3q0H
2
0
4πG
, (55)
where we find that
ρc(t0) ≈ 9.5× 10−30 g cm−3 (56)
for the currently suggested values of H0 ≃
71 km s−1Mpc−1 and q0 ≃ 1/2. This value of de-
celeration parameter q0 indicates a flat universe, which
implies that Ω ≡ ρ(t0)/ρc(t0) = 1, consistent with
observational data finding that Ω ≃ 1 [5, 25], if we
assume that ρ ≡ ρmat + ρΛ; then division by ρc yields
Ω = Ωmat + ΩΛ ≃ 1, where observations suggest that
Ωmat ≃ 0.27 and ΩΛ ≃ 0.73, requiring Λ 6= 0 and p < 0
in the standard FLRW cosmology, specifically defining
the ΛCDM cosmological model. This model, however,
fails to tell the true nature of so-called dark energy,
leaving the subject open to speculation. Nevertheless,
Eq. (54) can be identified as the source of the universal
gravitational field of attraction and will be used in the
GE acceleration given by Eq. (52), which gives the
GE force per unit of mass for different epochs, where
evaluated using Eq. (55) gives the present strength.
Now we return to give validity to the expression for
the attractive universal gravitational force per unit mass
[Eq. (52)], and, thus, to the reasoning that led to its
derivation. Upon substitution of the critical density of
the Universe [Eq. (54)] into Eq. (52), we obtain the GE
acceleration [i.e., the gravitational force per unit mass
(gGE)reˆr = r¨ ]. We can express this as a deceleration of
the scale factor R by dividing through by r, the proper
distance:
r¨ ≈ −qH2r,
R¨χ
Rχ
≈ −qH2,
R¨
R
≈ −qH2, (57)
which is, as would be expected, the same as that of the
standard FLRW cosmology, when Λ = p = 0 and Eq. (54)
is substituted into Eq. (53), where
r(t) = R(t)χ, (58)
relating the physical distance r to the comoving coordi-
nate distance χ, and its derivatives have been used. The
vector χ comoves with the cosmic expansion. One can
think of Eq. (58) as a coordinate grid which expands with
time. Galaxies remain at fixed locations in the χ coordi-
nate system. The scale factorR(t) then tells how physical
separations are growing with time, since the coordinate
distances χ are by definition fixed. Further, solving for q,
we can identify Eq. (57) as that of Eq. (1), with H given
by Eq. (6), i.e., we identify the deceleration parameter
as defined in the standard FLRW model. Again, this is
what one would expect for the behavior of the GE accel-
eration of Eq. (52), as it relates to the standard model,
and, thus, this can serve to validate the reasoning behind
assumptions made in its derivation. Importantly, note,
Eq. (57) is exactly equal to the first term on the right-
hand side of Eq. (5) with q = 1. Therefore, this term
can be identified as the GE deceleration of the scale fac-
tor in the Go¨del-Obukhov spacetime (we will return to
this discussion in Sec. VD). So, in summary, the validity
of the derivation leading to Eq. (52), which can be used
to express the GE acceleration approximately in both
the Go¨del-Obukhov and FLRW cosmologies, has been
established. The assumption that the derivation of the
GE acceleration for the spherical axisymmetric case is
not much different from that of the spherical symmetric
(FLRW) case has been validated, at least qualitatively;
and it appears from Eqs. (5) and (57) that the strengths
will differ quantitatively by a factor of q.
E. Cosmological Parameters
For a qualitative and somewhat quantitative analysis
of the model described in this paper we choose the fol-
lowing parameters of Eqs. (3), (4), and (19): σ, m, k, and
ωrot, based on observations and, of course, on theoretical
insight. A possible way to express evolution of the force
FGM of Eq. (48) over time is to let
σ ≡ σ(t) ≡ ec1t/t0 , (59)
and let k be defined as a function of σ(t) by Obukhov’s
[8] model relation
k = c2σ(t), (60)
where, when estimated from the Go¨del-Obukhov metric
and general relativity, c2 ≈ 71, using q0 = 0.01, (ωrot)0 =
0.1H0, H0 ∼ 70 km s−1Mpc−1 (again, the 0 subscripts
indicate the present epoch), with ωrot = ωrot(t) ≡ (ωrot)t.
Note, although Obukhov [36] and Korotkii and Obukhov
[42] formulated the Go¨del-type metric of Eq. (2) for a
constant value of the unknown parameter σ, Carneiro
[48] claims that Eq. (2) remains valid when σ is a func-
tion of time; and Obukhov [44] stated that formally, i.e.,
in essence or correctly, it can be considered as a function
of time. Therefore, we will assume that σ is a func-
tion of time. Then we must further assume that the
deviation from isotropy of the CMB radiation and the
existence of parallax effects will continue to be negligi-
ble, thus, making the so-called Go¨del-Obukhov metric at
least approximately valid, which sounds reasonable [44].
Proof of the latter above assumption is beyond the scope
of this present manuscript. That is, validation of this
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assumption must await an analysis of constraints im-
posed by observations of anisotropy in CMB radiation
and parallax effects on the parameters of a rotating and
expanding shear-free universe. To date it appears that no
such study has been done [44]. However, the choice of σ
[Eq. (59)] can be validated theoretically as we shall see in
Sec. VE. So, it follows that, in these present calculations
we are assuming that σ [≡ σ(t)] is constant only for a
specific epoch or hypersurface (where t = constant), like
the Hubble parameter H(t) and the scale factor R(t), for
example. Recall, the parameter σ determines the magni-
tude of acceleration of a fluid element due to rotation of
the Universe. So it is not unreasonable to expect σ to be
a function of cosmic time.
Now, reasonable choices for the constants c1 and c2
appear to be as follows: c1 ≈ −115. The validity of
this choice is confirmed in Sec. VE. The value of c1 is
related to the magnitude of the force FGM of Eq. (48); for
example, upon changing from c1 = −105 to c1 = −115, in
these model calculations, the magnitude of the force, for a
typical case, increases by about two orders of magnitude.
We chose to use the value c2 ≈ 71, like that of [8] since
making it relatively larger or smaller appears to have
little effect on the model outcome. Subsequently, the
chosen expressions for σ and k are approximately within
the limit of negligible or some small large-scale spatial
anisotropy (see Ref. [9]). Note, at t = 0, with such choices
above, σ(t = 0) = 1 and k ≈ 71, consistent with the
k ≥ 0 requirement for causality.
Moreover, concerning the derivation of Eq. (5), we will
assume that the additional terms with derivatives with
respect to time of the unknown parameter σ(t) in the
gravitational field equations are trivial when σ(t) and k
are defined in terms of the parameters used in this present
manuscript [see Eqs. (59) and (60)]. Details of the val-
idation of this assumption of triviality can be found in
Appendix. This validation includes the following:
1. In the local Lorentz connection Γ˜abµ [8], used to de-
rive the gravitational field equations, it is shown
that the first-time derivative of σ reduces to a triv-
ial constant term that goes to zero when the time
derivative is taken in the Riemann-Christoffel cur-
vature tensor [Eq. (A.1)] and its associated Ricci
tensor [Eq. (A.6)]. This means that the derivatives
of σ cannot produce an acceleration (or force) over
time that would affect the expansion rate like R¨
does in the equation of motion of the scale factor
[Eq. (5)]. In fact, there will be no time derivatives
of the parameter σ in the gravitational field equa-
tions.
2. The energy-momentum tensor of [8] does not con-
tain derivatives of the components gµν of the
spacetime metric Eq. (2); therefore, the energy-
momentum will be the same for σ = σ(t) and
σ = constant.
In addition, the validation of our choice of σ can be found
in Sec. VE.
Next, we will assume an analytical expression
[Eq. (74)] consistent with the more recent estimate for the
ratio of the magnitude of cosmic rotation to the Hubble
constant H0, where observations of anisotropy in elec-
tromagnetic propagation from distant radio sources, ex-
pected typically of cosmic rotation, are used to determine
the estimate given below [8, 17, 34]:
(ωrot)0
H0
= 6.5± 0.5, (61)
with galactic coordinate direction l = 50◦ ± 20◦, b =
−30◦±25◦. This value is larger than a previous estimate
[54]:
(ωrot)0
H0
= 1.8± 0.8, (62)
with direction l = 295◦ ± 25◦, b = 24◦ ± 20◦, obtained
from Birch’s [15] data. Moreover, recent analysis of the
large-scale distribution of galaxies [55] has revealed an
apparently periodic structure of the number of sources
as a function of red shift. From this we get yet another
estimate of the rotational velocity which appears neces-
sary to produced this observed periodicity effect. This
estimate gives the largest ratio of the three [8, 56]:
(ωrot)0
H0
≈ 74 (63)
[compare Eqs. (61) and (62)]. It is clear from above that
further careful observations and statistical analyzes will
be extremely important in overcoming the inconsisten-
cies, in establishing the true value of the cosmic rotation
(or vorticity), which may result from too few empirical
data.
Next, we use the scale factor R(t) to relate the Hubble
parameter with time. In general, with the usually power-
law solution for the scale factor as a function of time
(R ∝ tn) according to the FLRW cosmological model,
assumed to be applicable here (Sec. III C),
R(t) ≡
(
t
t0
)n
, (64)
normalized at the present epoch t = t0. Using Eqs. (1),
(6), and (64), we get the general expressions
Ht = n
′t−1, (65)
and
q = − (n− 1)
n
, (66)
where, in Eq. (65), n ≡ n′, which gives for n′ = n = 2/3
an age of the Universe (≃ 9.2 × 109 yr) too low to be
consistent with recent observational estimates of H0 ≃
71 km s−1Mpc−1, with q = 1/2 according to Eq. (66).
On the other hand, the expressionHt = t
−1, with n′ = 1,
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gives an age (13.80 × 109 yr), which is consistent with
recent observational estimates, with cosmic acceleration
[57], and without acceleration, in the absence of decelera-
tion [58]. So, it seems reasonable to assume the following
limits for the present age t0:
2
3H0
< t0 .
1
H0
, (67)
i.e., 2/3 < n′ . 1. Note, with n = 1, according to
Eq. (66) q = 0, implying an open universe in the standard
FLRW cosmology [compare Eq. (1)]. Specifically, for con-
creteness, it appears appropriate to choose t0 ≡ H−10
(n′ = 1) for the present epoch, but with n = 2/3 in
Eq. (64). Note, with observations suggesting that the
age of the Universe is closer to the Hubble time (H−10 ),
instead of that given by the standard FLRW cosmological
model [(2/3)H−10 )] implies that the Universe has at least
not decelerated continuously. The discrepancies leading
to the limits above can possibly be attributed to the evo-
lution of R(t), i.e., how it might change as the Universe
undergoes phase changes, thus reflecting how the value
of n might change, where n = 2/3, recall, is also the
starting scale factor at t ∼ 0 of the Einstein-Lemaˆıtre
[59] expanding cosmological model.
Moreover, for completion, reference, and review, dur-
ing inflation (indicated by the subscript “infl”) it appears
that
[R(t)]f
[R(t)]in
≈ eH
∫
dt ≈ eHinfl∆t (68)
(i.e., e
∫
Hdt ≈ eH
∫
dt), where [R(t)]in and [R(t)]f are the
initial (subscript “in”) and final (subscript “f”) scale fac-
tors before and after inflation; Hinfl = 1/tinfl is the Hub-
ble parameter at the onset of inflation, which remains ap-
proximately constant during inflation; and ∆t = tf − tin,
with tin and tf indicating the beginning and ending times
of inflation, respectively. For example, assuming that in-
flation occurs between 10−36 s . t . 10−34 s, we find
that the scale factor by which the Universe increased
during inflation is [R(t)]f ∼ e99[R(t)]in ∼ 1043[R(t)]in.
Now, whether or not inflation occurred as we know it or
its origin, we do not know for certain, but we do know
that the Universe, early on in its history, appears to
have increased or inflated by a factor of ∼ 1043 from
a small causally-connected comoving region of space-
time rin ∼ 10−43rf , according to Eq. (58) and the
above relationship between the initial and final scale fac-
tors. It appears a false vacuum or the release of a type
of quantized-gravity binding-like energy, resulting from
symmetry braking of at least three of the fundamental
forces (strong, gravitational, electromagnetic), drove in-
flation (see also Sec. III A). The details as to what ini-
tiated inflation are yet to be understood; at present we
can only speculate. Nevertheless, and importantly, it ap-
pears that cosmic vorticity enhances the inflation, i.e.,
when the vorticity is large, the inflation rate is much big-
ger than in the vorticity-free case [11].
IV. NUMERICAL MODEL RESULTS
For comparison and completion, plotted in Fig. 1 is the
cosmic scale factor R(t). Figure 1(a) displays a schematic
plot of the scale factor given by Eq. (64), with n = 1/2
or n = 2/3, or given by Eq. (68) over a period from when
the age of the Universe was ∼ 10−43 s to the present es-
timated age of t0 = 13.8× 109 yr. The lower time limit
corresponds to the Planck era. Immediately following
the Planck era we believe that the Universe was at least
a thermal causally-connected spacetime gaseous plasma.
We assume that n = 2/3 in Eq. (64) at t ∼ 10−43 s, with
this value lasting up to the beginning of the inflationary
phase at which R(t) is given by Eq. (68), as indicated in
Fig. 1(a). Here also we are assuming, as usually assumed
in the standard model, that after inflation, during the ra-
diation dominated era, from when the age of the Universe
was t ∼ 10−34 s up to t = teq ∼ 1.7× 1012 s ≃ 54, 000 yr,
n = 1/2 in Eq. (64), where teq is the time of matter
and radiation equality [53]. Beyond teq we set n = 2/3,
indicating mass dominance, producing the step-like fea-
ture clearly seen in Fig. 1(b) at t = teq ∼ 4 × 10−6 t0.
Before this time relativistic particles dominated. As the
Universe continues in a mass dominated phase after re-
combination, at t ∼ 350, 000 yr after the Big Bang, in
Eq. (64) we still have n = 2/3 up to the present epoch.
Note, this expression for R(t) indicates a flat, decelerat-
ing universe [i.e., q = 1/2 > 0, using Eq. (66)], as would
be expected in a FLRW expanding cosmology. Yet, this
is only somewhat consistent with observations, because
recent observations appear to indicate an open, acceler-
ating universe, at least for the present epoch, with q < 0
according to the standard FLRW cosmological model.
This would cause R(t) to have a somewhat steeper incline
(or slope) near the present epoch than that displayed.
For example, for q = −0.2, Eq. (66) gives n = 1.25.
Now, Fig. 1(b) displays R(t) of Eq. (64) over the time
(138 yr ≤ t ≤ 13.8 × 109 yr) that the GM and the GE
gravitational accelerations are calculated, as we shall see
below. The lower time limit is set here by the computa-
tional capacity of the computer in the units used in cal-
culating the GM acceleration from Eq. (48). This limit
will, however, be overcome in Sec. V using an approxi-
mate analytic expression. Note, the step-like feature is
an “artifact” indicative of where n = 1/2 changes to n
= 2/3, at the radiation-mass equilibrium time [compare
Eq. (64)]. Realistically, the change would be more grad-
ual.
Displayed in Figs. 2(a) through 2(f) are the evolutions
of the magnitudes of the cosmic gravitational accelera-
tions (force per unit mass), (gGM)r from Eq. (48) and
(gGE)r of Eq. (52), versus t/t0, where, upon dividing
Eq. (48) by M ,
(gGM)r ∼
{
kσ3(t)
4[k + σ(t)]5
}1/2[
(m/c)r sin θ + 1
R(t)e(m/c)r sin θ
]
ωrotc.
(69)
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FIG. 1: The scale factor R(t) = (t/t0)
n versus time up to t = t0 = 13.8 × 10
9 yr, with n = 2/3 or n = 1/2. (a) Schematic
plot of R(t) vs. t in seconds, from the Planck time (∼ 10−43 s) to t0. Inflation is indicated by the steep rise in the curve at
10−36 s ≤ t ≤ 10−34 s, where R(t) increases by a factor ∼ e99 from its initial value given by R(t) = (t/t0)
n, with n = 2/3
before inflation (see text). (b) R(t) = (t/t0)
n vs. t/t0 for 138 yr ≤ t ≤ t0, where t = 10
−8t0 = 138.0 yr. The step-like feature
indicates where n = 1/2 (just after inflation) changes to n = 2/3, at the radiation-mass equilibrium time teq ∼ 1.7× 10
12 s (see
text); this can also be seen in (a).
In these calculations, we set θ = π/2 in Eq. (69) for sim-
plicity. The radial gravitational accelerations, (gGM)r
and (gGE)r, of Eqs. (69) and (52), respectively, are mea-
sured at a coordinate separation distance r (correspond-
ing to a particular redshift z) by a comoving observer,
as this distance expands over time, while the gravita-
tional accelerations at that distance evolve over time,
from t = 10−8t0 = 138.0 yr after the Big Bang to the
present estimated age of the Universe: t0 = 13.8× 109 yr
(for H0 = 71 km s
−1Mpc−1). Note, dividing (gGM)r
and (gGE)r by r convert these gravitational accelerations
into an acceleration of the scale factor (R¨/R), as done in
Eqs. (90) and (57), respectively.
In these calculations we step through the independent
variable t by assuming the following:
t = fit0, (70)
where fi is the fraction of the total time that we step
through, normalized to equal one at the present epoch,
i.e., t = t0; and subscript i indicates a step size. The
Hubble parameter then evolves as
H(t) =
H0
fi
. (71)
The evolving mass density ρ = ρ(t) of Eq. (52) is thus
given by Eq. (54) for a flat universe according to the stan-
dard FLRW cosmology. Similarly, the evolving distance
r = r(t) is assumed to be given by
r(t) ≃ cz
H(t)
=
cz
H0
fi, (72)
for recession velocities ≪ c, which is just the nonrela-
tivistic Hubble law. Note, for z > 1, the relativistically
corrected Hubble law [Eq. (76)] must be used for accu-
racy; this will be discussed further in Sec. VB.
The above evolving distance r(t) is for a specific z,
measured by a present-day observer, indicating how a
specific coordinate point in spacetime has evolved. Sub-
stitution of the evolving variables: r(t), σ(t) [Eq. (59)],
R(t) [Eq. (64)], and ρ(t) [Eq. (54)] into (gGM)r and
(gGE)r [Eqs. (69) and (52), respectively] allows us to see
how these cosmic gravitational accelerations have evolved
at that specific comoving coordinate point, indicated by
z, as measured by a present epoch observer. Note, it
shall be interesting to see what happens to (gGM)r as t
approaches zero and what role it may play in the cos-
mic inflationary era. In Sec. V, we shall see what role,
if any, it may play, where we will attempt to go back in
time as far as theoretically possible using a valid approx-
imation to the GM acceleration of Eq. (69). However,
for the present, we find that for z −→ 0 (i.e., r −→ 0)
in Eq. (69), (gGM)r reaches a finite maximum value of
(gGM)r ∼ 4 × 1014 cm s−2 at the comoving observer as
shown in Fig. 2(f). Now, by Eq. (69) and conserva-
tion of angular momentum, as t decreases, in Fig. 2, for
t < 0.01 t0 (or < 1.38×108 yr after the Big Bang), (gGM)r
increases with increasing ωrot as would be expected. Yet,
on the other hand, as t increases, for t > 0.01 t0, (gGM)r
first decreases as would be expected, but then as ωrot
gets smaller and smaller, (gGM)r once again increases,
at least for the z values shown (compare Fig. 2; see also
Fig. 3). [The behavior of (gGM)r for larger values of z will
be discussed in Sec. VB]. The above behavior of (gGM)r
appears to be consistent with the third term on the right-
hand side of Eq. (5); and, importantly, in Fig. 2(c), the
magnitude of (gGM)r overtakes that of (gGE)r, indicat-
ing a net positive acceleration or repulsive force per unit
mass. We shall return to this discussion in the following
section.
Figure 3 displays how the cosmic rotational velocity
decreases over time: Specifically plotted, as we shall see
below, is a derived analytical expression consistent with
17
 1e-14
 1e-10
 1e-06
 0.01
 100
 1e-08  1e-06  0.0001  0.01  1
g(
t)
t/to
(a)
z=0.65
 1e-12
 1e-10
 1e-08
 1e-06
 0.0001
 0.01
 1
 100
 1e-08  1e-06  0.0001  0.01  1
g(
t)
t/to
(b)
z=0.55
 1e-12
 1e-10
 1e-08
 1e-06
 0.0001
 0.01
 1
 100
 1e-08  1e-06  0.0001  0.01  1
g(
t)
t/to
(c)
z=0.5
 1e-12
 1e-10
 1e-08
 1e-06
 0.0001
 0.01
 1
 100
 1e-08  1e-06  0.0001  0.01  1
g(
t)
t/to
(d)
z=0.45
 1e-12
 1e-10
 1e-08
 1e-06
 0.0001
 0.01
 1
 100
 1e-08  1e-06  0.0001  0.01  1
g(
t)
t/to
(e)
z=0.35
 1e-05
 1
 100000
 1e+10
 1e+15
 1e-08  1e-06  0.0001  0.01  1
g(
t)
t/to
(f)
z=0
FIG. 2: The magnitudes of the radial accelerations (gGM)r (solid curve) and (gGE)r (short-dashed curve) produced by the
gravitomagnetic (GM) and gravitoelectric (GE) forces, respectively, in cgs units, versus t/t0, representing the evolution from
t = 138 yr after the Big Bang up to the present time t = t0 = 13.8 × 10
9 yr: (a) Evolution of accelerations at a distance with
z = 0.65 (see text). (b) Evolution of accelerations at a distance with z = 0.55. (c) Evolution of accelerations at a distance with
z = 0.5. (d) Evolution of accelerations at a distance with z = 0.45. (e) Evolution of accelerations at a distance with z = 0.35.
(f) Evolution of the accelerations at z = 0, where (gGE)r −→ 0. Notice that (gGM)r reaches a maximum finite magnitude
at z = r = 0, as measured at the comoving observer (see text). (Note, the step-like feature is an artifact of the computer
simulation, indicating the change from radiation dominance to mass dominance at t = teq ∼ 54, 000 yr, where n = 1/2 changes
to n = 2/3.)
Eq. (61). We shall see that these model calculations sug-
gest that the magnitude of the rotational velocity ωrot
has a value ∼ 6.3H , which is consistent with present-day
observations. So, in what follows, an analytical expres-
sion is derived for the cosmic rotational velocity ωrot of
Eq. (69), whose numerical value is consistence with obser-
vations. As usual the magnitude of the angular velocity
(or the angular frequency) for circular motion is given by
ω =
dφ
dt
≈ 2π
t
, (73)
assuming simple harmonic-like motion. From Eq. (73), it
seems reasonable to relate the Hubble parameter, the rate
of cosmic expansion, to ωrot, the rate of cosmic rotation,
by
ωrot ∼ 2πH
∼ 6.3H, (74)
where we have use H ∼ 1/t. Importantly, this expres-
sion is consistence with observations; compare Eq. (61).
Equation (74) is plotted in Fig. 3.
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FIG. 3: (a) Evolution of the magnitude of the cosmic rota-
tional velocity (ωrot)t over time (see text), from t = 138 yr to
the present t0 = 13.8 × 10
9 yr for H0 = 71 km s
−1Mpc−1.
V. DISCUSSION
In the following sections, we analyze further and dis-
cuss the results above. We will look at the long term
behavior of the GM acceleration (gGM)r and the GE ac-
celeration (gGE)r over time. Because of the large interval
of time covered, we do this in two separate epochs for
computational simplicity. However, since these calcula-
tions are computations of analytical equations, none of
the physics is lost because the values and times converge
at the “interface,” indicative of a specific cosmological
time. Note, assuming that spacetime torsion and space-
time frame dragging (producing the GM acceleration)
are one in the same (as we shall see in Sec. VE that
this is a valid assumption), in this analysis, we are es-
sentially comparing the first term (GE acceleration) and
third term (torsion) on the right-hand side of Eq. (5); see
also Eq. (57). The other terms of Eq. (5), which are com-
pared in Williams [39], appear not to be important in the
later Universe where the recently observed acceleration
of the expansion or so-called dark energy arises. That is,
although these other terms appear to be important in the
overall expansion and deceleration of the early Universe
and perhaps during inflation, the torsion term overtakes
these terms in the later Universe resulting in the accelera-
tion of the expansion. Included in Sec. VE is an analysis
and discussion of the Go¨del-Obukhov associated cosmic
magnetic field.
A. The Gravitomagnetic (GM) and the
Gravitoelectric (GE) Accelerations: From 138 Years
to the Present
We first analyze the GM and the GE accelerations over
the time for which we have the exact analytical expres-
sion for the GM acceleration [Eq. (69)], with the GE ac-
celeration given by Eq. (52). As displayed in Fig. 2, this
time is 138 yr ≤ t ≤ 13.8 × 109 yr after the Big Bang.
Note, Eq. (69) is referred to as the exact in comparison
to the approximation to this equation we will use in the
following section to find its value in the early Universe
(t < 138 yr). As mentioned in Sec. IV, the evolution of
the GM and GE accelerations over time at a distance r(t)
as measured by a present epoch comoving observer for a
specific z [see Eq. (72)] as related to the cosmological dis-
tance given by Eq. (58) is plotted in Fig. 2. These model
calculations show that the GM acceleration [Eq. (69)]
goes to zero at z & 0.8 as measured by a comoving present
observer. This implies that the Universe was in a decel-
erating phase for z at least greater than ∼ 0.8, i.e., at an
earlier cosmic time; this also is consistent with observa-
tions [60]. Figures 2(a) and 2(b) seem to show that the
Universe starts to decelerate at a slower and then an even
slower rate at z = 0.65 and 0.55, respectively. This is be-
cause according to Fig. 2(a), (gGM)r begins to increase at
∼ 8 × 109 yr after the Big Bang, from a minimum value
∼ 2 × 10−15 cm s−2, at the spacetime coordinate point,
r, associated with z = 0.65 (as measured by a present
epoch observer); and according to Fig. 2(b), (gGM)r be-
gins to increase at ∼ 6×109 yr after the Big Bang, from a
minimum value ∼ 9× 10−13 cm s−2, at the spacetime co-
ordinate point associated with z = 0.55. Importantly, we
see that Fig. 2(c) is consistent with recent observations
that suggest that the Universe entered into an accelerat-
ing phase at z ∼ 0.5, with (gGM)r > |(gGE)r|. Figure 2(d)
shows how as z gets smaller, which means that the dis-
tance from the comoving observer is getting smaller, the
GM acceleration gets larger and larger; and we find that,
as z −→ 0, the GM acceleration will continue to get larger
until a maximum value of (gGM)r ∼ 4 × 1014 cm s−2
is reached at the comoving observer, as mentioned in
Sec. IV, and as can be seen in Fig. 2(f). So, overall, and
importantly, Fig. 2 is consistent with observations that
suggest the cosmic acceleration of the expansion started
about 4.5× 109 years ago, i.e., at z = 0.46± 0.13 [4].
B. The GM and the GE Accelerations at the
Hubble Radius: From Time of Planck Scale through
Inflation to the Present
Upon substitution of Eq. (74) into Eq. (69), setting
r ≈ 0, θ = π/2, and using model parameters defined in
Sec. III E [Eq. (64), σ = exp[−115(t/t0)], k = 71σ, Ht ∼
1/t], we can derive an approximate analytical expression
for the GM cosmic acceleration that appears to be valid
at early times in the Universe as well as later times where
the scale factor of Eq. (64) is normalized at the present
epoch [i.e., where fi of Eqs. (70) to (72) equals 1]. Thus,
we find that
(gGM)r ∼
{
kσ3(t)
4[k + σ(t)]5
}1/2
ωrotc
R(t)
∼ 9.6× 10−5 exp
(
57.5t
t0
)
ωrotc
R(t)
. (75)
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For t = t0 (i.e., H = H0), Eq. (75) gives the same value as
that calculated using the exact analytical expression for
the GM acceleration [Eq. (69)], measured at a comoving
present epoch observer: (gGM)r ∼ 4 × 1014 cm s−2, for
H0 = 71 km s
−1Mpc−1, by letting z −→ 0 [i.e., r −→ 0;
compare Eq. (72) and Fig. 2(f)]. This appears to validate
our use of Eq. (75) at earlier times for which r ≈ 0 and
t 6= t0.
Displayed in Fig. 4 are the evolutions of the magni-
tudes of the GM and the GE accelerations (gGM)r and
(gGE)r, respectively. Plotted in Fig. 4(a) are the magni-
tudes of (gGM)r [Eq. (75)] and (gGE)r [Eq. (52)], from the
Planck time (tP ≃ 5.4 × 10−44 s) up to t ≃ 4.4 × 109 s
(≃ 138 yr = 10−8 t0). Note, for any given epoch, af-
ter inflation, the magnitudes of (gGM)r and (gGE)r are
evaluated at the Hubble radius (rH = ct ≡ cH−1), i.e.,
the limit of the causally-connected observable Universe
for any comoving observer. Before inflation, we are as-
suming that this spacetime region of the Universe was
∼ 10−43rH , and, thus, in the quantum-gravity regime. If
we assume that n = 2/3 (implying mass dominance),
being consistent with the Einstein-Lemaˆıtre [59] early
cosmology, then from the Planck time up to the time
of inflation (∼ 10−36 s), (gGM)r goes from about five
to ten orders of magnitude, respectively, smaller than
|(gGE)r|; this can be seen in Fig. 4(a). Yet, after in-
flation, with n = 1/2 (implying radiation dominance),
(gGM)r has decreased by a factor ∼ 10−43 according to
Eq. (75) and statements made in the last paragraph of
Sec. III E concerning the scale factor R(t) and proper dis-
tance r; |(gGE)r | has decreased by a factor∼ 10−86, being
now smaller than (gGM)r by a factor ∼ 10−22, where we
have used Eqs. (52) and (97). (Note, this does not neces-
sarily mean that the Universe would be in an accelerating
phase, since it can be shown from these calculations that
the fourth term on the right-hand side of Eq. 5 will be
negative and its absolute value greater than (gGM)r at
this point in spacetime, particularly the acceleration term
produced by B, where B will be discussed in Sec. VE.)
So, based on the above and Fig. 4(a), it appears that
(gGM)r, resulting from spacetime frame dragging (or tor-
sion), does not directly cause inflation. However, consid-
ering the fourth term on the right-hand side of Eq. (5)
and the pressure of Eq. (7) or (8), for spin-torsion cosmo-
logical coupling constant relations 4λ3 ≫ λ1 and λ3 > 0,
as mentioned in Sec. III A, the net acceleration of the ex-
pansion might at least contribute to inflate the initially
very small quantum-gravity region of the Universe to the
causally-connected region given by the Hubble radius rH ,
consistence with what we assume to have occurred in our
standard FLRW cosmology with inflation. The above
statement requires an investigation to find out specifi-
cally the contributions from all the terms in Eq. (5). This
is investigated elsewhere [39]. Now, notice in Fig. 4(a),
even up to age t ∼ 1 s, the proposed limit for inflation
to have occurred to be consistent with nucleosynthesis
[53], (gGM)r is still ∼ 1011 times larger than |(gGE)r|.
Since, however, we want this present model to be consis-
tent with the standard cosmological model and with the
assumption that (gGM)r is related to spacetime torsion,
we must keep in mind that the negative terms in the last
acceleration component on the right-hand side of Eq. (5)
could very well come into play to keep the expansion of
the Universe at a rate consistent with the standard model
[39]. Moreover, importantly, at t = 138 yr (≃ 4.4×109 s),
(gGM)r has fallen significantly: (gGM)r ∼ 41.5 cm s−2
and |(gGE)r| ∼ 1.7 cm s−2, for n = 1/2, n′ = 1 [compare
Eqs. (64) and (65)].
In Fig. 4(b), we continue the calculations of cosmic
gravitational accelerations of the GM [Eq. (69)] and GE
[Eq. (52)] radial components over time from t ≥ 138 yr
up to the present, still evaluated at the Hubble radius:
rH(t) = cH
−1
t , the causally-connected region surround-
ing a comoving observer who is at the center (r = 0)
in the metric of Eq. (19), where this local inertial cen-
ter can be any point in this homogeneous spacetime, and
where this comoving observer measures relative distances
(or positions) with respect to the global center, as men-
tioned in Sec. III B. The proper or physical distance r(t)
[Eq. 58)], measured according to a standard clock at rest
with this comoving observer, at r(t = t0)H = cH
−1
0 , is
for redshift z & 30 according to the relativistic Hubble
law:
r =
v
H0
=
[
(1 + z)2 − 1
(1 + z)2 + 1
]
c
H0
, (76)
for H0 = 71 km s
−1Mpc−1, where z can be solved for:
z =
(
1 + rH0/c
1− rH0/c
)1/2
− 1.
Note, r = rH for z & 30, according to Eq. (76), appears
to simply suggests that r ≤ rH is always the causally-
connected observable Universe for any z & 30, which
is relativistically true (compare Figure 2 of Ref. [61]).
Equation (76) gives the spatial separation at a common
time from a comoving observer when the light was emit-
ted from say a distant galaxy at r ≤ rH . In other
words—making a brief deviation to clarify this cosmolog-
ical distance, given by Eq. (19), and our use of it—the
relativistic Hubble law, gives the distance measured by
causally-connected observers at a common time t. Simul-
taneity, means setting dt = 0 in the metric of Eq. (19)
(or in the standard Friedmann-Robertson-Walker met-
ric), which implies choosing the local frame of this freely
falling comoving observer. The proper distance between
spacetime events is then given, along the line-of-sight
(i.e., in the radial direction, with dφ = dθ = 0), by
rproper =
∫ χ
0
√
|grr|dr, (77)
where χ is the comoving coordinate distance (associ-
ated with the proper or physical distance), mentioned
in Sec. III D [compare Eq. (58)]; and it can be shown
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FIG. 4: Magnitudes of gravitational accelerations, (gGM)r and (gGE)r, over time: (a) From the Planck time (t ≃ 5.4× 10
−44 s)
up to t ≃ 4.4 × 109 s (≃ 138 yr= 10−8t0). Solid curve is for (gGM)r, n = 2/3 before inflation at t . 10
−36 s and n = 1/2 after
inflation at t & 10−34 (see text); short-dashed curve is for (gGE)r, n = 2/3 (implying q = 1/2) before inflation and n = 1/2
(implying q = 1) after inflation; n = 2/3 is for mass dominance and n = 1/2 is for radiation dominance (see text). (b) From
t = 10−8 t0 (= 138 yr) up to t0 = 13.8 × 10
9 yr. Solid curve is for (gGM)r, short-dashed curve for (gGE)r, evaluated at the
Hubble radius, being consistent with (a). Not shown, (gGM)r −→ 0 at t ∼ 0.8 t0. (Note, the step-like feature is an artifact; see
note on Fig. 2.)
from the metric component, grr, of Eqs. (25), upon inte-
gration, that
rproper = R(t)χ = r(t),
which is just Eq. (58). The proper distance measured
by a comoving observer can be understood as a spacelike
separation using a hypothetical ruler to measure the sep-
aration at the time of emission, from say a distant galaxy,
as opposed to a lightlike (null) separation using light-
travel time to measure the separation. Both r(t) and χ
are spacelike separations between events: this means that
they are imaginary (∝ i = √−1) and cannot lie on the
world line of any body or particle. From the proper dis-
tance r(t) of Eq. (58), its derivative with respect to time,
and Eq. (6), the Hubble law can be derived exactly. The
proper distance might be called the dynamical distance.
The recession velocity for the proper (or so-called dy-
namical) cosmological distance is always ≤ c, at r ≤ rH ,
i.e., causally-connected regions. Now, since the Hubble
law is derived exactly from the metric proper radial dis-
tance, and since the dynamics are what we are concerned
with in this present manuscript, we appropriately use the
proper distance in these calculations.
Finally, before proceeding, for the proper distance r,
if we consider the ratio of the approximated distance
[Eq. (72)] to the more accurate relativistically corrected
distance [Eq. (76)], we obtain for z = 0.03, 0.5, and 1 the
ratios ∼ 1, 1.3, and 1.7, respectively. In these present
model calculations, to give an explanation for the ob-
served so-called dark energy, we need only consider the
evolution of the GM [Eq. (69)] and GE [Eq. (52)] radial
accelerations over spacetime points for z . 1, since, im-
portantly, the accelerated expansion appears to set in,
theoretically, according to this model, at z ∼ 0.5 or
z ∼ 0.7, consistent with observations, when using ei-
ther the nonrelativistic or relativistic Hubble law, respec-
tively, to determine r, the physical distance, where both
these z values have approximately the same r. Moreover,
Eq. (69) goes to zero, as measured by a present epoch co-
moving observer, for z ∼ 0.8 using Eq. (72), the nonrela-
tivistic Hubble law; and, it goes to zero for z ∼ 2.3 using
Eq. (76), the relativistic Hubble law [compare Figs. 2
and 4(b)], where, again, both these z values have ap-
proximately the same r. Thus, the results of this present
model do not change qualitatively when the approximate
distance [Eq. (72)], as opposed to the relativistically cor-
rected distance [Eq. (76)], is used. Therefore, the above
and the fact that most large-scale galaxy surveys use the
nonrelativistic Hubble law appear to justify our use of
Eq. (72) in this present manuscript. Nevertheless, some
relevant results using the more accurate relativistic Hub-
ble law will be discussed in the last paragraph of this
section.
Proceeding, displayed in Fig. 4(b) are the magnitudes
of the accelerations, (gGM)r and (gGE)r, between the in-
terval 138 yr ≤ t ≤ t0, measured by a comoving ob-
server, at the Hubble radius r(t) = rH(t) = ct [i.e.,
setting z = 1 using Eq. (72) which is equivalent to
z ≈ 30 according to Eq. (76)] as this spacetime coordi-
nate distance (or point) evolves over time, with t0 indicat-
ing the present epoch Hubble radius (causally-connected
observable Universe). In this case, (gGM)r falls below
the magnitude |(gGE)r| twice, at t ∼ 2 × 10−6 t0 and
t ∼ 5 × 10−5 t0, about the so-called artifact (Sec. IV) in
changing from radiation dominance to mass dominance
occurring at the equilibrium time t = teq ∼ 4 × 10−6 t0
(≃ 1.7 × 1012 s), where n −→ 2/3, for Ωmat ≃ 0.3
[53]; compare Fig 4(b). Then, although not shown in
Fig. 4(b), at t ∼ 0.8 t0 (≃ 11 × 109 yr), (gGM)r falls
to zero, while |(gGE)r| ∼ 5.8 × 10−8cm s−2. After this,
(gGM)r remains zero up to the present epoch (t0) at which
(gGE)r ∼ −3.5 × 10−8cm s−2, consistent with a deceler-
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ating universe. But, recall from above, as z becomes
less than one, as measured by a present epoch observer,
(gGM)r becomes larger than |(gGE)r| for z . 0.5, using
Eq. (72), indicating the Universe enters into an acceler-
ating phase [compare Figs. 2(a) through 2(e)], consistent
with recent observations. Note, as mentioned earlier, at
z = r = 0 and t = t0, indicating at the present epoch
comoving observer, (gGM)r ∼ 4 × 1014 cm s−2 [compare
Fig. 2(f)].
After a quantitative comparison of the calculated re-
sults, it appears that (gGM)r is independent of r for small
r, at early times, i.e., (gGM)r has the same value for any
value of r(t), changing only over time, as measured by a
comoving observer at a specific epoch up to some time
t ≡ tcrit. For example, notice in Figs. 2 and 4(b), over the
range of values of z measured by a present epoch comov-
ing observer, the value of (gGM)r ≃ 41.5 cm s−2 at t =
10−8 t0 is the same, although the values of r(t) are differ-
ent. Analytically, this is because the exponent of the ex-
ponential term in Eq. (69) goes to zero, meaning e0 = 1,
for small r and because (m/c)r sin θ is≪ 1, where, again,
m is given by Eq. (4); thence (gGM)r appears independent
of r (or z); compare Eqs. (69) and (75). Now, comparing
different values of z in the range 4 × 10−6 ≤ z ≤ 30,
with (gGM)r evolving over time, as in Figs. 2 and 4, with
the scale factor being normalized at the present epoch, it
appears that (gGM)r begins showing dependence on r(t)
at the critical time tcrit ≃ 1.2 × 104 yr (= 9 × 10−7 t0)
after the Big Bang, and then showing significant depen-
dence at times t & 2.8× 108 yr (= 0.02 t0). This means
that (gGM)r begins to change significantly over time and
distance. Before discussing below the importance of this
observation, we readily see that this validates our use of
Eq. (75) to evaluate (gGM)r in the early Universe: it is
independent of r for small r and it matches or converges
to the value of (gGM)r ≃ 41.5 cm s−2, evaluated using the
exact analytical expression [Eq. (69)], at the so-called in-
terface: t = 10−8 t0 = 138 yr ≃ 4.4 × 109 s (compare
Fig. 4).
Continuing, this independence of (gGM)r for small r,
at early times, as the Universe evolves over time, and
then becoming significantly dependent on r (or z), for
t & 0.02 t0, as measured by a comoving observer, can be
seen in Figs. 2 and 4. Again, these figures are given by
Eq. (75) for very small r at early times and by the exact
analytical expression for (gGM)r [Eq. (69)] for later times
(t ≥ 138 yr after the Big Bang). Thus, looking at Fig. 2
and what happens at t & 0.02 t0 enable us to see how the
GM acceleration (gGM)r might once again dominate over
the GE deceleration (gGE)r, if it were an intrinsic part of
the equation of motion of the expansion (or cosmic scale
factor) in the expanding and rotating Universe of Eq. (5)
to produce the observed present-day cosmic acceleration.
This we suppose in Secs. VE and VF, where we will
consider, as mentioned earlier, how the GM acceleration,
and, thus, inertial spacetime frame dragging, might be
related to the torsion term (third term on the right-hand
side) in the Go¨del-Obukhov equation of motion [Eq. (5)].
Further, and for completion, use of the relativistic
Hubble law [Eq. (76)] to determine r, the physical or
proper distance, in Eq. (69), appears to suggest the fol-
lowing. The GM field strength that was once very large
in the past as shown in Fig. 4(a), dependent only on time,
independent of r, but becoming significantly dependent
on r around t = 0.02 t0 as described above (compare
Figs. 2 and 4), became negligibly small (∼ 0) around
t = 0.8 t0, about 2.8 × 109 years ago, for 30 & z & 7,
as shown somewhat in Fig. 4(b) for z ≈ 30. Then, from
z ∼ 6 the GM field gradually increased over time with
decreasing z (or r), from (gGM)r ∼ 0 at t = 0.9 t0 to a
nonzero value at z ∼ 2, as measured by a present epoch
observer (t = t0). This is the first indication of a turn-
ing up of the curve (compare Fig. 2 and Fig. 4), and
also possibly the indication of the coming presence of so-
called dark energy. Finally, at z ∼ 0.7, the magnitude of
(gGM)r became greater than that of (gGE)r and the Uni-
verse entered into an accelerating phase, thus, consistent
with recent observations. Further details of these results
using the relativistic Hubble law, at these large redshifts,
are presented elsewhere [62].
C. The GM Acceleration, Cosmic Rotation, and
the Present Epoch Observer
Figure 5 displays what happens to Eq. (69) in a general
sense at z = 0.5 [Fig. 5(a)] and at z = 0 [Fig. 5(b)] when
δ is allowed to vary, where
(ωrot)0 = δH0 (78)
would be the magnitude of the present-day angular
velocity [see Eqs. (61), (62), and (63)], with H0 =
71 km s−1Mpc−1 ≃ 2.3 × 10−18 s−1. In Fig. 5(a) δ
was allowed to vary between 74 ≥ δ ≥ 1−28. We see
that (gGM)r −→ 0 exponentially (i.e., quickly), left of
the maximum, at any value (ωrot)0 & 10H0: falling
from a maximum of ∼ 5 × 1012 cm s−2 at δ = 0.1;
and (gGM)r −→ 0 linearly (i.e., slowly), right of the
maximum, as (ωrot)0 −→ 0 at δ = 10−28. The reason
for this behavior is that, for a present epoch observer,
with R(t = t0) = 1, at large δ, the exponential expres-
sion in the denominator of Eq. (69) dominates, causing
(gGM)r to go exponentially to zero; and at small δ, the
exponential expression goes to one and (ωrot)0 in the
numerator dominates [compare Eq. (4)], thus, causing
(gGM)r to go to zero in a linear-like fashion. This be-
havior will be important when we analyze in Sec. VD
the equation of motion describing the expansion and de-
celeration of the Go¨del-Obukhov spacetime cosmology.
We shall see that this behavior is somewhat similar to
what one would expected of the third term on the right-
hand side of Eq. (5), again with R(t = t0) = 1. Such
a similarity would be expected if spacetime torsion and
spacetime frame dragging (producing the GM accelera-
tion) are indeed one in the same. As mentioned ear-
lier, we shall see in Sec. VE that this is a valid as-
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FIG. 5: The GM cosmic acceleration and rotation: (gGM)r vs. ωrot. (a) At redshift z = 0.5, scale factor R(t) = 1, at t = t0.
Note, δ in Eq. (78) decreases along the curve, as ωrot decreases (see text). (b) At redshift z = 0, scale factor R(t) = 1,
at t = t0. Note, for comparison, using δ = 2pi [see Eq. (74)], as it is done throughout these calculations, at t = t0, with
H0 = 71 kms
−1Mpc−1, (ωrot)0 ∼ 1.5× 10
−17 s−1.
sumption. Figure 5(b), with δ allowed to vary between
74 ≥ δ ≥ 1−3 at r = z = 0, shows what the strength
of (gGM)r would be as measured by a present epoch ob-
server (t = t0). The reason for the linear-like decline in
(gGM)r is because with r = 0 the exponential expression
in the denominator of Eq. (69) equals one, resulting in
(gGM)r decreasing as (ωrot)0 in the numerator decreases.
Notice that for (ωrot)0 = 2πH0 ≃ 1.5 × 10−17 s−1,
(gGM)r ∼ 4 × 1014 cm s−2, as measured by a present
epoch observer [compare Figs. 2(f) and 5(b)].
The above general analysis of Eq. (69), presented in
Fig. 5, showing the general behavior of the dependence
of (gGM)r on (ωrot)0 at z = 0.5 and z = 0, as measured
by a present epoch observer, might have indirect phys-
ical significance concerning the cosmic time dynamical
evolution presented in this paper. Figure 5(a) appears to
limit the proportionality constant relatingH0 and (ωrot)0
[Eq. (78)]; compare Eqs. (61), (62), and (63). Figure 5(b)
suggests that the value of gGM)r measured by the present
epoch comoving observer at z = 0 [see also Fig. 2(f)] will
decrease overtime, implying, perhaps that the accelerated
expansion will decrease over time.
D. Analyzing and Comparing the Standard FLRW
Spacetime and the Go¨del-Obukhov Spacetime
In this section we will analyze the equations of mo-
tion of the scale factor that contain terms that control
the spacetime expansion of the Universe over time: these
are Eqs. (53) and (5), for the standard FLRW and the
Go¨del-Obukhov spacetimes, respectively. Substitution of
Eq. (54) into the second term on the right-hand side of
Eq. (53), and comparing Eq. (57), allows us to identify
this second term as the GE acceleration that decelerates
the Universe, particularly when Λ = p = 0:
R¨
R
= −qH2, (79)
or
q ≡ q
FLRW
= − R¨
RH2
. (80)
Equation (80) is just Eq. (1), where Eq. (6) has been
used. Notice, we have defined q ≡ q
FLRW
to distinguish
between deceleration parameters in the two spacetimes
we are considering: the FLRW and the Go¨del-Obukhov,
where q ≡ q
GO
in the Go¨del-Obukhov spacetime (indi-
cated by the subscript “GO”). We will see below how the
two may correlate. So, we find, in general, from Eqs. (79)
and (80) that
q
FLRW
= 0⇒ coasting,
q
FLRW
> 0⇒ deceleration,
q
FLRW
< 0⇒ acceleration, (81)
again, when Λ = p = 0.
On the other hand, in the Go¨del-Obukhov spacetime
we can identify the GE acceleration as the first term on
the right-hand side of Eq. (5), and this term is exactly
that of the standard FLRW model if we set q = 1 [see
Eq. (79)], as mentioned in Sec. III D [compare Eq. (57)].
Moreover, it seems reasonable to identify the fourth term
on the right-hand side of Eq. (5), involving the mass den-
sity ρt, as that describing the initial inertial expansion
over time. We define this acceleration term, which we
associate with the initial cosmic expansion, as(
R¨
R
)
I
≡ 2
(
k + σ
k
)
q
GO
H2, (82)
where Eq. (54), the average mass density, expressed in
this case,
ρ =
3q
GO
H2
4πG
, (83)
has been used with q ≡ q
GO
(see Sec. III D for validation
of its use). This acceleration term being proportional to
23
H2 and, thus, the density, will be very large in the very
early Universe. Now, multiplying through by r, using
Eq. (58) and its derivatives, we can express this inertial
spacetime cosmic expansion in terms of the physical sep-
aration distance r:
r¨ ≡ (aI)r = 2
(
k + σ
k
)
q
GO
H2r, (84)
where r, the proper distance, is given by Eq. (58). So,
we have identified Eq. (84) as the acceleration due to
the initial cosmic expansion. If we use the expression
for the relationship between σ and k given by Eq. (60)
as estimated by [8], with value given in Sec. III E for
constant c2, Eq. (84) reduces to
(aI)r ≃ 2 qGOH2r. (85)
This is consistent with the of order expression given near
the end of Sec. II, which was derived from insight, given
in the model description.
At this point we will used the analogy of the stan-
dard FLRW cosmology, where we set Λ = p =
k (spatial curvature index) = 0 in Eq. (53) to define the
deceleration parameter q
FLRW
and its relation to mass
density ρ or expansion rate H [compare Eqs. (79), (80),
and (54)]. Here, in Eq. (5), we will set ωrot = B = p = 0
[compare Eq. (92)] to define the deceleration parameter
q
GO
. Equation (5) reduces to
R¨
R
= −H2 + 8πG
3
(
k + σ
k
)
ρ. (86)
Using the model parameters of Sec. III E, as was done
in Eq. (85), substituting in the mass density of Eq. (83),
and dividing through by −H2, Eq. (86) yields
q
GO
≃ 1
2
(
R¨
RH2
+ 1
)
; (87)
or
q
GO
≃ 1
2
(1− q
FLRW
) (88)
(using Eq. 80). Then by Eq. (88) we now have a relation-
ship between the deceleration parameters of the standard
FLRW and Go¨del-Obukhov cosmologies, which appears
to be consistent with observations, as can be seen in the
following: For
q
GO
≃ 1
2
, q
FLRW
= 0⇒ coasting;
q
GO
<
1
2
, q
FLRW
> 0⇒ deceleration;
q
GO
>
1
2
, q
FLRW
< 0⇒ acceleration; (89)
compare Eq. (81).
Next, looking at the second and third terms on the
right-hand side of Eq. (5), it appears that these are re-
lated to the relativistic fictitious forces associated with
cosmic rotation, and at least one to general relativistic
inertial frame dragging. These fictitious forces, analogous
to Newtonian centrifugal and Coriolis forces, appear in
the equation of motion of an object in a rotating frame.
It is called a fictitious force because it does not appear
when the motion is expressed in an inertial frame of ref-
erence (i.e., a frame that is not rotating nor dragged into
rotation). The second term can be easily identified as a
centrifugal-like acceleration, associated with the vortic-
ity (i.e., the rotation), that decreases over time, being
proportional to ω2rot, and is largest in the early Universe.
This second term appears to be associated with the initial
cosmic rotational energy, similar to the fourth term on
the right-hand side of Eq. (5), involving the mass den-
sity ρt, in which we identified above [Eq. (82)] as that
being associated with the initial inertial cosmic expan-
sional energy. Now, the third term, as mentioned earlier
in Sec. III A, is related to torsion coupled with spin (or
rotation) and curvature of spacetime, and appears to be
directly related to general relativistic inertial spacetime
frame dragging, where we would expect it to be some
sort of Coriolis-like force. This third term behaves simi-
lar to that seen in Fig. 5(a), i.e., it goes to zero for large
ωrot, which would be at early times; increases as ωrot de-
creases over time; and, then, at later times, decreases as,
perhaps, the magnitude of the cosmic magnetic field B
[8], which depends on ωrot, decreases over time [compare
Eq. (96)]. We shall return to this discussion of the torsion
term in Eq. (5) in the following sections, where we will
consider also the cosmic magnetic field B and its relation
to ωrot further.
E. The GM Field, Spin, and the Electromagnetic
Field
In this section we will further analyze the third term
on the right-hand side of Eq. (5), which involves the spin-
torsion cosmological coupling constants, λ1 and λ3, and
which also involves the magnetic field, B, where we will
look at the meaning of this electrodynamic field. As a
vector representation this field is the F12 = Bz com-
ponent of the electromagnetic field tensor due to the
electrodynamic characteristics of the spacetime matter.
Here we consider the Universe to be a spinning Einstein-
Cartan (source of spacetime curvature and torsion) fluid
of charge density rotating about the global z-axis, like
that stated in Sec. III A [8, 63]. We assume that torsion
is generated by the spin tensor of such a fluid. Our goal
is to relate this third term of Eq. (5) to the GM accel-
eration given by Eq. (69), in an effort to determine the
spin-torsion cosmological coupling constants, λ1 and λ3,
whose derivations are independent of and will be com-
pared to those of Obukhov [8], in order to test the valid-
ity of the model presented here. However, we must first
express Eq. (69) as a force per unit mass per unit length,
in the form (i.e., units) of a component of the scale factor
equation of motion [Eq. (5)]. Using Eq. (58), its deriva-
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tives, and dividing the vector of Eq. (69), (gGM)r eˆr = r¨,
through by r, as done in Eq. (57), we have the GM accel-
eration expressed in the desired form, in units of Eq. (5),
i.e., s−2, expressed as an acceleration of the scale factor
(or force per unit mass per unit length):
(
R¨
R
)
GM
≡ (gGM)r
r
eˆr ∼
{
kσ3(t)
4[k + σ(t)]5
}1/2[
(m/c)r sin θ + 1
R(t)e(m/c)r sin θ
]
ωrotc
r
, (90)
where, m, being proportional to ωrot, is, again, given by
Eq. (4). Notice that the terms in the above equation are
consistent with the GM force producing a Coriolis-like
acceleration. Notice, also, plotted in Figs. 2, 4, and 5 as
the ordinates is (R¨/R)r. This only makes the scale of the
ordinates larger than that of (R¨/R), but the results are
qualitatively the same.
Now, the torsion term of Obukhov [8] [again, third
term on right-hand side of Eq. (5)], related to the spin
density, in the Einstein-Cartan geometrical theory of
gravity, is present in the microscopic and macroscopic
regimes of spacetime. More familiar is the spacetime
torsion, dominant at very high densities, due to the in-
trinsic angular momentum (spin) of fermions, of a mi-
croscopic nature, manifesting itself in the scales of typ-
ical distances between particles, dominant in the early
Universe [64]. However, at low densities the microscopic
torsion of spacetime by the fermions is less important.
This is why the Theory of Einstein-Cartan does not
compete directly with the Theory of General Relativity
[64]. It is proposed that at extremely high densities the
spins of fermions torque spacetime producing repulsive
centrifugal-like (i.e., fictitious-like) forces that could pos-
sible avoid the initial singularity (see, e.g., Refs. [65, 66]).
On the other hand, less familiar is the “generalized”
Einstein-Cartan theory of gravity proposed by Obukhov
[8] and in this present manuscript that the spin density
on the macroscopic general relativistic scale could be that
of cosmic matter in a rotating universe, approximated
by a cosmological spinning fluid. The elements of cos-
mological fluid approximate particles of intrinsic angular
momentum on the early stage of the evolution of the
Universe and approximate galaxies of global angular mo-
mentum on later stages, in a universe of rotating cosmic
matter. In both stages the spin or rotation affects the
cosmic spacetime expanding continuum it seems. Then,
torsion of spacetime by the spins of particles would be
dominant in the early Universe, and torsion (or frame
dragging) of spacetime by cosmic matter would be dom-
inant in the later Universe. So, what it appears that
we have derived in Eq. (48), (69), (75), or (90), using
the metric of Eq. (19), is that part of the fictitious force
(we refer to as the GM force) produced by torsion or
frame dragging of spacetime by the global angular mo-
mentum of the cosmic matter. In the equation of motion
for the scale factor R [see Eq. (5)], Obukhov [8] derives
the torsion of spacetime by the overall intrinsic angular
momentum of the Universe. The overall nontrivial an-
gular momentum that torques the expanding spacetime
continuum appears to be a combination of (1) the intrin-
sic spin of the fermionic particles and (2) the intrinsic
rotation of the cosmic matter about the global symmetry
axis. Thus the spin density of item (1) would dominate
the torsion term of Eq. (5) in the very early Universe;
and the spin density of item (2) would dominate in the
later universe [compare Eq. (100)]. If this is true then the
torsion term of Eq. (5) should equal the scale factor GM
acceleration of Eq. (90) at some epoch of the evolution
of the Universe, where, according to the above items, we
would expect this intersection to be, at least, near the
present epoch. Moreover, other support (in addition to
the validation given below) of the above proposed equal-
ity is the following:
1. The evolution of GM acceleration (gGM)r presented
in Fig. 2 is consistent with recent observations
of cosmic accelerated expansion, as discussed in
Secs. VA and VB, and consistent with the pre-
diction by Obukhov [8] that torsion can either ac-
celerate or prevent the cosmological collapse.
2. The (gGM)r is a Coriolis-like force derived using the
Go¨del-Obukhov metric [Eq. (19)].
3. The behavior of the torsion term of Eq. (5) is some-
what similar to that of Fig. 5(a).
So, if we assume that the proposed equality is true,
then, as mentioned above, at some point or epoch in
time the third term on the right-hand side of Eq. (5),
associated with acceleration due to torsion, should equal
to Eq. (90) above, associated with acceleration due to
so-called frame dragging (in this case, macroscopic tor-
sion of spacetime), allowing us to solve for 4λ23 − λ21, a
difference-of-squares (or “difference”) expression for the
cosmological coupling constants of spin and torsion. Re-
call, depending on the values of λ1 and λ3, torsion can
either accelerate or prevent cosmological collapse, with
4λ23 ≫ λ21 to prevent collapse [8]; this appears to include
the acceleration of the expansion as proposed here. Thus,
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we find that
4λ23 − λ21 ∼ 72
{
k3σ3(t)
[k + σ(t)]7
}1/2[
(m/c)r sin θ + 1
e(m/c)r sin θ
]
×R
7ω3rotc
B4r
, (91)
where in cgs units, λ1 and λ3 have units of cmg
−1, and
B has units of gauss (= g1/2cm−1/2s−1). The validity of
the derivation of Eq. (91) will be confirmed below.
Hence, the frame dragging (or torsion) on the macro-
scopic or cosmological scale appears to be caused by the
inertial spacetime expansion frame being dragged (or
torqued) into rotation by the cosmic spacetime matter
(as described in Sec. II). In other words, it appears that
the inertial frame of linear expansion is being torqued or
dragged into rotation by the cosmic spacetime rotating
mass density ρt, producing the GM force per unit of mov-
ing mass per unit length [Eq. (90)] that accelerates the
cosmic expansion, affecting the scale factor. This behav-
ior is analogous to how a sufficiently large mass density
can warp (or curve) spacetime causing the inertial cos-
mic expansion to decelerate, clearly seen in the standard
FLRW cosmological model [Eq. (53)], thus producing the
attractive GE force of the acceleration of Eq. (52) or (57)
[compare also the first term on the right-hand side of
Eq. (5)].
Note, direct discussion of microscopic torsion due to
the quantum-mechanical intrinsic spin of fermions is be-
yond the scope of this paper and therefore will not be
discussed in any details here, mainly, because its effect is
negligible in the later stage of the Universe [65].
So, based on this present investigation, it seems safe
to state, at least, that, in general relativity the effect
that frame dragging has on moving objects in an expand-
ing and rotating spacetime is described by the so-called
GM force field. Again, as mentioned in Sec. II, this is
somewhat similar to that experienced by moving objects
(i.e., test particles) in the gravitational potential well of
a rotating black hole (see fig. 2 in Ref. [28]), where the
spacetime frame dragging is in the positive azimuthal di-
rection, in the direction that the black hole is rotating,
and produces a positive radial force. This cosmological
spacetime frame dragging (or torsion) is, however, in the
negative azimuthal direction, in the direction of the ro-
tating cosmic matter, yet produces a positive radial force
as well. The sign of the frame dragging angular veloc-
ity in both systems corresponds to the direction of the
rotating gravitational source. In an expanding and rotat-
ing universe the GM force acts on freely falling comoving
frame observers, such as galaxies in the later universe;
whereas, with the rotating black hole it acts on freely
falling local inertial frame observers, such as particles
of plasma. According to Einstein’s Equivalence Princi-
ple of Gravitation and Inertia, the GM Coriolis-like force
gives rise to a gravitational acceleration. That is, just as
the GE force is a by-product of mass warping spacetime,
the GM force is a by-product of rotating mass dragging
spacetime. Moreover, importantly, it appears that the
cosmic expansion frame and the rotating spacetime mat-
ter are coupled, maintaining a simple harmonic-like re-
lationship between Ht, the expansion rate [Eq. (6)], and
(ωrot)t, the rotation rate [Eq. (74)], as suggested by ob-
servations [Eq. (61)]. It appears that the expanding in-
ertial spacetime frame compensates to “straighten” the
frame dragged (or torqued) spacetime, while consistently
slowing the cosmic matter rotation, in essence.
Next, the magnetic field given by Obukhov [8] is
from application of an ideal fluid plasma of spin and
energy-momentum, to a cosmological model with rota-
tion (shear-free) and expansion, in the framework of the
Einstein-Cartan theory of gravity. Note, the Einstein-
Cartan theory of gravity is just Einstein’s theory in-
cluding rotation (and its effect on spacetime): a natu-
ral extension to describe a universe with expansion and
rotation. This cosmic magnetic field, seen in Eqs. (5)
and (91), and mentioned above, is the F12 = Bz com-
ponent of the electromagnetic field tensor describing the
electrodynamic characteristics of matter in the Universe.
It appears that this field strength can be expressed over
time by [8]
Bt = [−2R(t)ωrot τt] 12 , (92)
where τt [= τ(t) < 0] is the spin density, in units of
g cm−1 s−1; τt < 0 means that the spin density is in
the direction of the vorticity ωrot = −ωroteˆz. Again,
R(t) and the magnitude of the vorticity ωrot = ωrot(t) ≡
(ωrot)t are given by Eqs. (64) and (74), respectively. The
spin density by definition is the angular momentum per
unit volume. It then seems reasonable to express the spin
density of the cosmic matter as
τt ∼ −ρtωrotr2, (93)
where, also, recall r = r(t). This means that B could
be a primordial cosmic global magnetic field intrinsic to
the rotating and expanding spacetime matter in the Uni-
verse. Since B of Eq. (92) depends on the spin den-
sity τt, and this spin density can be expressed in terms
of the average mass density ρt by Eq. (93), Eqs. (92)
and (93) appear to show a fundamental relationship be-
tween the electromagnetic field (with the electric field
canceling assuming equal number of positive and neg-
ative free charges) and the gravitational field, namely,
between the magnetic field and the mass density. It ap-
pears that they can be related through the spin density
τt. Further details of this relationship and of its impor-
tance in other astrophysical phenomena are beyond the
scope of this paper and will be discussed elsewhere in a
forthcoming paper [67].
In the following we shall compare values or test the
validity of Eqs. (91), (92) and (93) in the early and/or
later Universe against other theoretical estimated values
as well as observations. Firstly, for comparison, we used
the author’s derived spin density τt of Eq. (93) and the
cosmological parameters used [q0 = 0.01 and (ωrot)0 =
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0.1H0] by Obukhov [8], with H0 = 71 km s
−1Mpc−1,
to see if the values of the author and Obukhov [8]
agree for spin density τ0, at the present epoch. The
mass density from Eq. (55) is calculated to give ρc ≃
1.9 × 10−31 g cm−3; then, evaluation of Eq. (93) at the
Hubble radius (rH ≃ 1.3 × 1028 cm) yields τ0 ∼ −7.4 ×
106 g cm−1s−1. The magnitude of this value is smaller
than the magnitude of Obukhov’s [8] estimated value
(τ0 ∼ −5 × 108 g cm−1s−1) when using the same q0 and
(ωrot)0 as used by Obukhov [8], with r = rH . However,
using the same q0 = 0.01, but letting (ωrot)0 = 2πH0
[Eq. (74)] as used by the author, Eq. (93) then yields
τ0 ∼ −4.7 × 108 g cm−1s−1. As we can see, this value
is approximately equal to the average value estimated
by Obukhov [8], given above. Since Obukhov [8] does
not use the best estimates for physical and geometrical
parameters to calculate τ0, this is more than likely the
reason why our values do not agree. However, it can be
stated with confidence that there is consistency of the
author’s τ0 of Eq. (93), as we shall see below. Moreover,
this also appears to be the reason Obukhov [8] calculates
the modern-day magnetic field strength to be ∼ 103 times
larger than the established upper limit from astrophysical
observations (more on this below).
Secondly, the validity of the derivation of Eq. (91) is
given by the equation of state [Eq. (8)], as derived from
Obukhov [8]. We shall consider two cases. Case one: As
measured by a present epoch observer, for matter domi-
nance, with p ≈ 0, for |4λ3| ≫ |λ1|, Eq. (8) yields
λ3 ∼ − 3
4τ20
[
4(ωrot)0 τ0 + c
2ρ0
]
, (94)
where we have used Eq. (92). When the model val-
ues used to calculate the GM acceleration displayed in
Fig. 2(c), for z = 0.5, with B0 ∼ 4×10−4 gauss [Eq. (92)
using Eq. (93)], are substituted into Eq. (91), for 4λ23 ≫
λ21, we find that λ3 ∼ ±10−27 cmg−1, as measured by a
present epoch observer, where R(t = t0) = 1. Now, when
the present epoch mass density, ρ0 ≈ 9.5× 10−30 g cm−3
[Eq. (56)], spin density τ0 ∼ −6 × 109 g cm−1s−1
[Eq. (93)], and (ωrot)0 ∼ 2πH0 [see Eqs. (61), (73),
and (74)], with H0 ≃ 71 km s−1Mpc−1, are substituted
into Eq. (94), we find that λ3 ∼ −10−27 cmg−1, the same
as that above, yet calculated independently of Eq. (91)!
Case two: Similarly, for radiation dominance, as a func-
tion of time, with p ≈ c2ρ/3, for |4λ3| ≫ |λ1|, Eq. (8)
yields
λ3 ∼ −R
6
τ2
(
3ωrot τ
R3
+ c2ρ
)
; (95)
again we have used Eq. (92). When, the evolved parame-
ters for z = 0.5, at 138 yr after the Big Bang, as measured
by a comoving observer: r(t = 138 yr) ≃ 6.5× 1019 cm,
ωrot ≃ 1.5×10−9 s−1, Bt ∼ 580.6 gauss, R(t = 138 yr) =
10−4, as of Fig. 2(c), are substituted into Eq. (91) we
find that λ3 ∼ ±10−39 cmg−1. Now, when the mass
density ρc ≈ 1.9 × 10−13 g cm−3 [Eq. (54)], spin density
τ ∼ −1.2 × 1018 g cm−1s−1 [Eq. (93)], (ωrot) and R(t)
from above, at t = 138 yr, are substituted into Eq. (95),
we find that λ3 ∼ −10−39 cmg−1, again, the same as
that above, yet calculated independently of Eq. (91)!
Thus, the consistency of the above two cases, one at
the present epoch (t = t0) and the other at an earlier
time (t = 138 yr), at a particular spacetime coordinate
point (or spacetime separation), associated with z = 0.5
as measured by a present epoch observer, validates the
proposal and the assumption that spacetime torsion and
spacetime inertial frame dragging in a rotating and ex-
panding universe are one in the same. That is, the spin-
torsion cosmological coupling constant λ3 of the Go¨del-
Obukhov spacetime derived from Obukhov [8] [Eqs. (94)
and (95)], when considering torsion of spacetime, is de-
rived also in this present paper [Eq. (91)], where we as-
sume torsion of spacetime and Einstein’s general rela-
tivistic frame dragging are one in the same. So, finding
the λ3’s nearly equal (i.e., being of the same order) in the
cases above validates this assumption. This finding also
validates Eq. (93), our definition of σ(t) [Eq. (59], and
our choice of c2 = −115 (Sec. III E), which was based
on observations of the recently occurring cosmic acceler-
ated expansion and the proposal that it may occur when
the magnitude of the repulsive GM acceleration overtakes
the magnitude of the negative GE acceleration [compare
Fig. 2(c)].
Next, the cosmic magnetic field of Eq. (92) can now be
expressed as
Bt ∼ [2R(t)ω2rotρtr2]
1
2 , (96)
where we have used Eq. (93). It appears that Bt above
is a frozen-in cosmic primordial magnetic field modified
only through the expansion process, such that the mag-
netic flux is conserved, consistent with what observations
suggest [68]. This Bt would be that measured by a co-
moving observer at the center of the metric of Eq. (19).
As the physical distance r from this observer is increased,
the observer is looking back in time, as usual, because
of the finite speed of light. So, with this in mind one
would expect Bt to be larger at large r, as measured
by a present-day observer [i.e., where the scale factor
of Eq. (64) is normalized to one], and smaller as r gets
smaller, until it reaches the value measured locally, be-
tween galaxies. This Bt = B0 would be the present-day
value of the cosmic magnetic field that has been some-
what dissipated due to the spacetime expansion of the
Universe. Below we will calculate values measured by
this comoving observer.
For the very early Universe, this comoving observer
measures the following as spacetime evolves. At the
Planck scale (indicated by subscript P ), t = tP =√
(hG/2πc5) ≃ 5.4× 10−44 s, with ρP ∼ 6× 1092 g cm−3
[Eq. (54)] for n = 2/3 [see Eqs. (64) and (66)], BP ∼
3 × 1037 gauss, according to Eq. (96), at the Hubble ra-
dius (rH ≡ rP = ctP ≃ 1.6 × 10−33 cm or the so-called
Planck length), where h is the Planck constant.
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The best way to express Bt, it appears, at least dur-
ing the inflationary phase, and to see clearly how the
magnetic field falls off over time, is to use the familiar
solution to the energy conservation fluid equation (see,
e.g., Ref. [53]):
ρt =
ρ0
R3(t)
; (97)
ρ0 is given by Eq. (55) with q0 = 1/2, where, here, we
are ignoring the radiation contribution to the magnetic
field Bt, assuming it to be negligible (at least after infla-
tion; see below); then, upon substitution, Eq. (96) can
be expressed as
Bt ∼
[
2ω2rotρ0r
2
R2(t)
] 1
2
. (98)
That is, since the state of matter before inflation is open
to speculation, for simplicity we are assuming the fol-
lowing: The cosmic matter is mass dominated, in ther-
mal equilibrium, and has negligible radiation pressure
before inflation, such that the expansion rate before
inflation is governed by the scale factor [Eq. (64)] at
t ∼ 0, of the Einstein-Lemaˆıtre [59] expanding cosmo-
logical model, with n = 2/3. But after inflation the cos-
mic matter becomes radiation dominated, with n = 1/2,
consistent with the standard version of inflation. In the
standard version, during inflation the energy stored in
the vacuum-like state is then transformed into thermal
energy, and the universe becomes extremely hot, and
from that point onward, its evolution is described by the
standard hot universe theory [69]. After this hot phase
the cosmic matter returns to its so-called stable state
of mass dominance past the radiation-mass equilibrium
time t = teq ∼ 1.7× 1012 s (mentioned in Sec. VB), with
n = 2/3, like before inflation. Now, usually, we assume
that inflation occurs at the characteristic times between
10−36 s . tinfl . 10
−34 s, where during inflation Ht ≈
constant, since ∆t ≃ 9.9 × 10−35 s ≪ 1 (see Sec. III E).
The Hubble radii (rH = ct) corresponding to the time
interval above are 3 × 10−26 cm . rH . 3 × 10−24 cm.
From Eq. (96) or Eq. (98) we calculate the magnetic field
at the beginning of inflation to be Bt ∼ 5 × 1032 gauss,
with n = 2/3. Since we assumed that Ht is approxi-
mately constant during inflation, it seems reasonable to
assume that ωrot (∼ 2πH) is also approximately con-
stant. We found in Sec. III E that the initial and final
scale factors at the beginning and after inflation are re-
lated by Rf ∼ 1043Rin (or Rin ∼ 10−43Rf). It can be
shown from Eq. (58) that the physical radius after infla-
tion is given by rf ∼ 1043rin (or rin ∼ 10−43rf). Thus we
can see that upon substitution into Eq. (98), the 10±43
factors in the numerator and denominator will cancel.
Therefore, for mass dominance before inflation, one can
continue to use the general expression [Eq. (96)] to ex-
press the cosmic primordial magnetic field after inflation.
Note, for completion, for relativistic matter (or radiation
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FIG. 6: Evolution of the cosmic primordial universal magnetic
field: (a) Bt versus t at z ≈ 30 (at the Hubble radius, cH
−1
0 ≈
ct0). (b) Bt versus t at z = 0.5 (≈ 2×10
3 Mpc). (c) Bt versus
t at z = 4 × 10−6 (≃ 17 kpc). (Note, the step-like feature is
an artifact; see note on Fig. 2.)
dominance), the familiar solution to the energy conser-
vation fluid equation is
ρt =
ρ0
R4(t)
, (99)
where, in this case, ρ0 is given by Eq. (55) with q0 = 1;
compare Eqs. (96), (97), and (98). Consequently and
importantly, concerning the assumption of negligibility
above, it can be shown that the magnetic field due to
radiation before inflation, decreases by a factor ∼ 10−22
after inflation.
Using Eq. (96) we now determine the cosmic magnetic
field at recombination (Brec) and at the present epoch
(B0) as measured by a comoving observer at a particular
proper distance r. We will assume as suggested by par-
ticle physics that recombination occurs ∼ 350, 000 years
after the Big Bang [53]. In Fig. 6, the magnetic field of
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Eq. (96) is evolved over time from when the Universe was
138 years old to the present. Figures 6(a) and 6(b) dis-
play the evolution of the field strength Bt measured at
the Hubble radius [rH , at z ∼ 30 according to Eq. (76)]
and at z = 0.5, respectively, by a comoving observer.
At the present epoch, as measured by this comoving ob-
server, with n = 2/3, q = 1/2, using Eqs. (64) and (66),
normalized at t = t0, for H0 = 71 km s
−1Mpc−1 = 2.3×
10−18 s−1, ω0 ≃ 1.5×10−17 s−1 [Eq. (74)], t0 = H−10 , and
rH = cH
−1
0 , we find that Bt = B0 ∼ 8× 10−4 gauss and
Bt = Brec ∼ 1 gauss, at the present epoch and at the time
of recombination, respectively, as can be seen in Fig. 6(a).
Similarly, we find that Bt = B0 ∼ 4 × 10−4 gauss and
Bt = Brec ∼ 0.5 gauss, at z = 0.5, as can been seen in
Fig. 6(b). Figures 6(a) and 6(b) are to be compared with
those of Figs. 4(b) and 2(c), respectively, which plot the
GM acceleration over time.
Now, again using Eq. (96), we can find values for the
primordial apparently frozen-in intergalactic (as related
to spaces between galaxies) universal magnetic field Bt,
as measured by a comoving observer, at the present-day,
normalized [see Eqs. (58) and (64)], spacetime proper co-
ordinate distance r(t = t0) ∼ 17 kpc (or z ∼ 4.6× 10−6).
Recall that this observer is located at the center of the
Go¨del-Obukhov metric [Eq. (19)], which could be cen-
tered on any comoving galaxy. Figure 6(c), shows how
this cosmic Bt has evolved over time, at the above proper
coordinate distance, from the spacetime separation at
r(t = 138 yr) to the present r(t = t0). From this figure
we see that Bt = Brec ∼ 4× 10−6 gauss and Bt = B0 ∼
3×10−9 gauss at recombination and at the present epoch,
respectively. Importantly, this value for the intergalactic
B0 is consistent with the upper limit constraint placed on
the present strength of any primordial homogeneous mag-
netic field, which is B0 . 4 × 10−9 gauss, for Ω = 1 and
H0 = 71 km s
−1Mpc−1 [70]. The Cosmic Background
Explorer (COBE) measurements provide this constraint:
set by how the amplitude of the magnetic field is related
to amplitude of the microwave background anisotropies
on large scales. Pasquale, Scott, & Olinto [71] study
the effect of inhomogeneity on the Faraday rotation of
light from distant quasi-stellar objects to find a consis-
tent limit of B0 . 10
−9 gauss.
Moreover, the strength of the magnetic field B0 ∼
2.5 × 10−7 gauss at r ≃ 1.3 Mpc for z = 0.0003, with
H0 ≃ 71 km s−1Mpc−1, given by these present model
calculations is consistent with the constraint placed by
the Planck 2015 results [72]: When effects of Faraday ro-
tation on the primary CMB polarization anisotropies are
considered, the resulting constraint is B1Mpc < 1.38 ×
10−6 gauss.
Note, displayed in Fig. 6 are the evolved magnetic field
strengths Bt of Eq. (96) over cosmic time, as measured
by a comoving observer at the present proper distance
r(t = t0). The smaller this measured r(t = t0) is, as this
coordinate point evolves over time, from 138 years after
the Big Bang to the present, the smaller the measured
magnetic field strength will be relative to the larger z (or
larger r) values. This can be seen and understood by
comparing the figures of Fig. 6 and Eq. (96). This means
that as the distance r(t = t0) become smaller as measured
by this comoving observer, the magnetic field strength
measured over time is smaller. That is, the so-called
hypersphere of the Go¨del-Obukhov spacetime metric of
Eq. (19), surrounding the comoving observer, enclosing
cosmic spacetime matter, is smaller. This behavior of Bt
at distance r is similar to the behavior of the strength
of the so-called mutual universal gravitational field of at-
traction [Eq. (52)], as measured by a comoving observer,
assuming homogeneity. Equations (96) and (52) have
similar behaviors because both Bt and (gGE)r are pro-
portional to r, the proper radial distance away from a
comoving observer (or between comoving observers).
The above present model calculated values of the cos-
mic magnetic field appear to be consistent with those
that would allow the Universe to evolve into its present
state, particularly like the cosmological model of Zel-
dovich (see [68], and references therein). Such cosmo-
logical models depend on the choice of the metric, of
the equation of state, and of the cosmological constant
Λ, where most often taken to be Λ = 0, until recently
with the advent of dark energy. Such models are char-
acterized by the expansion factors, the density of con-
stituents, and the magnetic field, which evolve according
to the Einstein-Maxwell field equations. The magnetic
field energy is assumed to be modified only through the
expansion process, and not through an exchange of en-
ergy with other constituents: matter or radiation, which
means that the magnetic flux is conserved and a uniform
magnetic field evolves like 1/RxRy (for a magnetic field
in the z-direction), where Rx and Ry are scale factors.
This results from the possibility for a uniform magnetic
field to exist even in the absence of an electric current
(∇ × B = 0). This can be interpreted as the evolu-
tion of the magnetic field compatible with the Einstein
equations, as characteristic of a magnetic field geometri-
cally frozen-in independently of the conductivity of the
matter.
F. Rotation, Torsion, and Spin Density
For completion and further investigation, the torsion
term of Eq. (5), again third term on right-hand side, can
be expressed in terms of the spin density τt. This is
done by substituting B from Eq. (92) into Eq. (5). Thus
we find that the Einstein-Cartan torsion term of Eq. (5)
becomes(
R¨
R
)
tor
≡ 1
ω2rot
(
k + σ
144k
)
(4λ23 − λ21)
B4
R8
=
(
k + σ
36k
)
(4λ23 − λ21)
τ2
R6
, (100)
as expressed by Obukhov [8]. In Obukhov’s [8] general-
ized Einstein-Cartan theory of gravity, it appears that τ
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is the total intrinsic angular momentum per unit volume
of the Universe, comprising, mainly, if not exclusively, the
spin of fermions at the microscopic level and the global
rotation of cosmic matter at the macroscopic level, as
mentioned in the above section. Assuming the GM ac-
celeration of Eq. (75) to be valid at the microscopic level
for very small r as t −→ 0 [recalling that Eq. (69) is inde-
pendent of r for small r at early times (t < 1.2× 104 yr)
as discussed in Sec. VB], Eq. (75) might be the repulsive
“Coriolis-like” gravitational acceleration experienced by
the fermions, due to inertial spacetime frame dragging (or
torsion) that causes their intrinsic spin vectors to precess,
being coupled with the angular momentum of the rotat-
ing Universe. Moreover, if we could find an equivalent
microscopic GM field like that given by Eq. (28) and sub-
sequently like that of Eq. (75), for the fermions, due to
their intrinsic spin density τ torqueing (or frame drag-
ging) spacetime, this might yield a fundamental short
range gravitational acceleration, acting prominently at
high densities, predominantly in the early Universe. In
addition, if we consider the equality of the GM field like
that of Eq. (75), mentioned above, and Eq. (100), and
use the equation of state given by Eq. (7), along with
the spin density τ of the fermions (see, e.g. Ref. [64]),
one might be able to understand better the initial state
of the Universe at the time of the Big Bang, or at least
understand better torsion or frame dragging of space-
time at the microscopic level. This is consistent with the
Einstein-Cartan theory providing a description of grav-
itational properties of matter at the microphysical level
[65, 73]. The above however needs to be investigated
further.
Also, and importantly, recall, we found above in
Sec. VE that the spin density τ of the rotating cosmic
matter links the magnetic field and mass density ρ [com-
pare Eqs. (92) and (93)], where ρ gives rise to the so-
called GE field [Eq. (52)]. Here, according to Eqs. (92)
and (100), the spin density links the magnetic field and
torsion (or frame dragging) of spacetime, where torsion
gives rise to the so-called GM field. Thus, the common
link is the spin density τ , which appears to tie the mag-
netic field to gravity, in general.
G. Summary of Discussion
The above discussion is summarized as follows:
1. In Sec. VA, we begin with the results of analyz-
ing the GM [Eq. (69)] and the GE [Eq. (52)] ac-
celerations over cosmic time from 138 years after
the Big Bang to the present. The evolution of the
GM and GE accelerations over time at a spacetime
proper coordinate distance r(t) as measured by a
present epoch comoving observer for a specific z
[see Eq. (72)] shows that after a period of deceler-
ating cosmic expansion, the Universe enters into an
accelerating expansion phase at z ∼ 0.5, as can be
seen in Fig. 2. This is consistent with recent obser-
vations that suggest the presence of dark energy.
2. In Sec. VB, we evolve the GM and the GE ac-
celerations at the Hubble radius: from the Planck
time to inflation to the present. We derive an ap-
proximate analytical expression for the GM cosmic
acceleration [Eq. (75)] that appears to be valid at
early times in the Universe as well as later times
(for small r ∼ 0). We use Eq. (75) to evalu-
ate the GM acceleration in the early Universe and
Eq. (69) to evaluate it in the later Universe. Fig-
ure 4 displays the evolved GM and GE accelera-
tions from the Planck time to 138 years after the
Big Bang [Fig. 4(a)], then from 138 years to the
present [Fig. 4(b)], evaluated at the Hubble radius
(rH = cH
−1), where before inflation this radius
was 10−43rH . The magnitudes of Fig. 4(a) suggest
that the GM acceleration does not a play a direct
role in inflation, but spin and torsion by way of the
pressure might. Figure 4(b) shows that the GM
acceleration is negligible at this z (∼ 30), as mea-
sured by a present-day comoving observer. Also, in
Sec. VB, a brief deviation was made to clarify the
meaning of the cosmological proper distance r given
by Eq. (19), which might be called the dynamical
distance, and is always r ≤ rH by definition rela-
tivistically. Moreover, also, it is found that the GM
acceleration, being dependent on time, appears to
be independent of the proper distant r in the early
Universe, but gradually becomes dependent in the
later Universe causing it to enter into an accelerat-
ing phase.
3. In Sec. VC, we look at the general behavior of the
GM acceleration as measured by a present-day co-
moving observer at z = 0.5 [Fig. 5(a)] and z = 0
[Fig. 5(b)], with R(t = t0) = 1, while (ωrot)0 is
allowed to vary from large values to very small val-
ues. We find that Fig. 5(a) is somewhat similar to
what one would expected of the third term on the
right-hand side of Eq. (5), as discussed further in
Sec. VD. Figure 5(b) shows the strength of the GM
acceleration as measured at the comoving observer
(z = r = 0) for various values of (ωrot)0.
4. In Sec. VD, we analyze and compare the FLRW
and the Go¨del-Obukhov spacetimes of Eqs. (53)
and (5), respectively. We derive what appears to be
a correlation between the two spacetimes [Eqs. (88)
and (89)]. We also identify the terms of Eq. (5) that
are associated with the deceleration, expansion, ro-
tation, and torsion of spacetime.
5. In Sec. VE, we further analyze the third term on
the right-hand side of Eq. (5), where we relate this
term to the GM acceleration given by Eq. (69),
to determine the difference expression of the spin-
torsion cosmological coupling constants, 4λ23 − λ21
[Eq. (91)], and compare with that of Obukhov [8]
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[i.e., the equation of state of Eq. (8), which yields
Eqs. (94) and (95)]. With the assumption that
|4λ3| ≫ |λ1|, we find that the λ3’s of Obukhov
(2000) and of the author are of the same order, al-
though they were derived independently, thus, con-
firming the validity of the model presented in this
present paper, in essence, that frame dragging and
torsion of spacetime are one in the same. Next, we
analyze the expression for the cosmic magnetic field
strength B, relating it to the spin density (angular
momentum per unit volume of the cosmic matter)
and mass density, in Eqs. (92), (93), and (96). We
find that not only is B consistent with observa-
tions, but it yields an apparently fundamental re-
lationship between itself and the mass density ρt,
and, thus, indirectly, a relationship between elec-
tromagnetism and gravity [of Eq. (52)]. It appears
that they are related (or coupled) through the spin
density τ .
6. In Sec. VF, we express the torsion term of Eq. (5)
in terms of the spin density τ (using Eq. 92), sug-
gesting that spin density links the magnetic field to
torsion (or frame dragging) of spacetime (that gives
rise to the so-called GM field). So, it appears that
the common link is the spin density τ , which links
the magnetic field to torsion or frame dragging (i.e.,
the GM field) and also links the magnetic field to
the mass density (i.e., the GE field), as found in
Sec. VE.
Thus, overall, the main focus of this discussion is the
finding that the recently observed acceleration of the cos-
mic expansion may possibly be explained by consider-
ing the effect of the GM force, due to inertial spacetime
frame dragging, in a rotating and inertially expanding
universe using the Go¨del-Obukhov spacetime metric of
Eq. (19). Moreover, it appears that spacetime frame
dragging and torsion of spacetime are one in the same,
at least at the macroscopic level. Further, and impor-
tantly, we see that the pressure p need not be negative to
explain the recently observed cosmic acceleration of the
expansion; and the mystery surrounding Einstein’s cos-
mological constant [compare Eq. (53)] might be solved
in the context of a rotating universe [compare Eq. (5)].
Nevertheless, a negative pressure, which could possibly
be produced in the Go¨del-Obukhov very early Universe,
might, however, play an important role in inflation [com-
pare Eqs. (5) and (7) or (8)], with the assumption that
|4λ3| ≫ |λ1|, and provided that λ3 > 0.
VI. CONCLUSIONS
With the recent discovery of so-called dark energy (ap-
pearing to comprise ∼ 68 percent of the Universe), it
seems we know little about the Universe we live in, save
the ∼ 5 percent mass-energy we can see and the expected
effects of gravity such mass-energy displays. With our al-
ready lack of knowledge of what composes so-called dark
matter (appearing to comprise ∼ 27 per cent of the Uni-
verse), this new finding of dark energy limits our under-
standing even more. The above percentages are based
on the most recent observations [76] which are almost a
perfect fit to the predicted material content of the Uni-
verse by the standard FLRW cosmology, but there are
some unexplained anomalies that suggest that we should
perhaps seek further an understanding of the underlin-
ing force: gravity. Such understanding could possible
solve the problem of our recently, and somewhat embar-
rassingly, increased lack of knowledge, i.e., of the nature
of dark energy. In this paper, we have adhered to the
above suggestion by seeking an understanding of dark
energy by considering it to be a component of gravity, a
by product, arising in a general relativistically rotating
and expanding cosmological spacetime.
In this manuscript is presented a general relativistic
model to describe the dynamical evolution of the Uni-
verse. This model appears to answered the question,
“Could dark energy be a manifestation of gravity?” and
the answer it seems is yes. In this model, the recently
observed cosmic acceleration of the expansion may pos-
sibly be explained by considering the effect of the gravito-
magnetic (GM) field due to spacetime frame dragging by
rotating cosmic matter in an inertially expanding space-
time universe. These model calculations seem to show
that application of the Go¨del-Obukhov spacetime metric
of Eq. (2), or Eq. (19), in an Einstein-Cartan general rel-
ativistic spacetime, leading to the derivation of Eq. (5),
the equation of motion of the scale factor R, yields a
dynamical description of how our Universe has evolved
over time. Nonvanishing torsion of the Riemann-Cartan
spacetime [40] and the GM field of inertial frame dragging
appear to be one in the same in this description. Impor-
tantly, in this model, we see that the pressure p need not
be negative, nor do we have to mysteriously resurrect the
cosmological constant Λ to explain so-called dark energy;
this is contrary to models constrained by the standard
FLRW cosmology [compare Eq. (53)].
Not only does the model presented here appear to de-
scribe the dynamical evolution of the Universe to a large
degree, showing how acceleration of the expansion might
arise, but it also appears to show a relationship between
the cosmic magnetic field and the mass density, and a
relationship between the cosmic magnetic field and the
GM field. Both relationships are through the spin den-
sity of cosmic matter, which could possibly lead to a link
between electromagnetism and gravity. These apparent
relationships need to be investigated further, not only
on the astronomical level but the atomic level as well.
Namely, when the spin contributions of the cosmic matter
are included in the gravitational field equations according
to the Einstein-Cartan theory, the application of the spin
density tensor can range from the microscopic case of the
quantum-mechanical intrinsic angular momentum (spin)
of elementary particles, dominant at extremely high den-
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sities but negligible at normal matter densities [65], to
the macroscopic case of the rotating cosmic plasma [8],
as presented in this present paper. In both cases torsion
(or frame dragging) of spacetime is produced. Some au-
thors (e.g., Refs. [65, 66, 73–75]) propose that the intrin-
sic spin and spacetime torsion of fermions can avert the
Big Bang singularity. Gasperini [66] points out that infla-
tion might be driven by a centrifugal-like force, due to the
spin-density tensor of matter sources when dominated by
the intrinsic spin of elementary particles, occurring in the
extremely high density very early Universe (t < 10−23 s).
So, since it appears that both the GM field and the mag-
netic field are related to spacetime torsion by way of the
spin density, perhaps the inclusion of this knowledge will
put us closer to a theory of quantum gravity.
As a future calculation in cosmology, one might use
the results of the model presented in this manuscript to
evaluate the Friedmann-like equation, describing the evo-
lution of the scale factor, derived from the gravitational
field equations by Obukhov [8], used in the derivation of
Eq. (5) and, thus, Eq. (91). It appears that Eq. (5.42) of
Obukhov [8] can be used to see what fraction of the crit-
ical density the GM acceleration, due to frame dragging
(or torsion), contributes to making the observed density
parameter Ω ≃ 1. This might also shed light on the true
nature of dark matter.
Finally, it remains to be seen whether or not all the
concepts presented in this manuscript are fully valid (as
they appear). Nevertheless, it is a fact that the Go¨del-
Obukhov cosmology of a rotating and expanding uni-
verse, of Eq. (5), has the potential to exhibit cosmic
acceleration in the equation of motion of the scale fac-
tor. This yields a possibility of explaining the recently
observed cosmic accelerated expansion. If the Universe
is indeed rotating, Eq. (69) or (90), along with Fig. 2,
shows that this cosmic acceleration became important in
recent times, agreeing with observations.
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Appendix
In this appendix, we use the Einstein gravitational field
equations and the Go¨del-Obukhov spacetime metric of
cosmological expansion and rotation, given by Eq. (2) [8],
used to derive the equation of motion of the scale factor
[Eq. (5)], to show that the unknown parameter σ, when
defined in terms of the parameters used in this present
manuscript, can be considered as a constant or a func-
tion of cosmological time without qualitatively changing
the gravitational field equations including the energy-
momentum tensor (sometimes referred to as the stress-
energy tensor), which does not change qualitatively nor
quantitatively. Specifically, as we shall see, when σ is de-
fined by Eq. (59) and k by Eq. (60), the terms involving
the time derivatives of σ(t) will reduce to a constant in
the local Lorentz connections that goes to zero in the
Ricci curvature tensor Rµν when the time derivatives
are taken. The Ricci curvature tensor yields the Ein-
stein gravitational field equations, and, thus, the equa-
tion of motion of the scale factor. Note, in this ap-
pendix, to avoid confusion of the notations, the scale
factor R = R(t) is defined as a = a(t).
In the framework of Poincare´ gauge theory of grav-
ity, the gravitational field is described by the tetrad haµ
and the local Lorentz connection Γ˜abµ [8]. The gravita-
tional Lagrangian is constructed as an invariant contrac-
tion from the curvature tensor
Rabµν = ∂µΓ˜
a
bν − ∂νΓ˜abµ + Γ˜acµΓ˜cbν − Γ˜acνΓ˜cbµ, (A.1)
and the torsion tensor
T aµν = ∂µh
a
ν − ∂νhaµ + Γ˜abµhbν − Γ˜abνhbµ. (A.2)
Here, a Latin alphabet is used for the local Lorentz
frame. The independent variation of the correspond-
ing Lagrangian (or action) [8] with respect to haµ and
Γ˜abµ yields the gravitational field equations [Eqs. (5.4)
and (5.5) of Ref. [8]] with sources [Eqs. (5.19) and (5.20)
of Ref. [8]]. In general, and equivalently, introducing the
asymmetric energy-momentum tensor and the spin den-
sity, one can write the the gravitational field equations in
the following form given by Sciama and Kibble in 1961
(see [78], and references therein):
Rµν − 1
2
gµνR = 8πGΣµν , (A.3)
which give the Einstein field equations, and, thus, the
equation of motion of the scale factor [Eq. (5)], and
Tαµν + δ
α
µT
β
νβ − δαν T βµβ = 8πGταµν , (A.4)
with
Tαµν = 8πG(τ
α
µν +
1
2
δαµτ
β
νβ +
1
2
δαν τ
β
βµ) (A.5)
which gives the Cartan field equations, where, from
Eq. (A.1),
Rµν = −Raµaν (A.6)
and [8]
R = hµah
νbRabµν (A.7)
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are the Riemann-Cartan-Ricci tensor and scalar, respec-
tively, which give the curvature of spacetime; Σµν and τ
α
µν
are the canonical tensors of energy-momentum and spin,
respectively: in this case, of the cosmic matter, modeled
as the Weyssenhoff spin fluid in Riemann-Cartan space-
time [63] for the exact solution [8]. Note, Γλαβ = −Γλβα
and Rµν = −Rνµ are convenient antisymmetries of the
Christoffel symbols and the Ricci tensor in the Riemann-
Cartan spacetime [77]; δαη in general is the Kronecker
delta (= 1 for α = η and = 0 for α 6= η).
The exact solution for the Go¨del-Obukhov spacetime
metric gives two independent Einstein field equations:
(1) the equation of motion of the scale factor [Eq. (5)],
and (2), upon integration, the Friedmann-like equation
(see Ref. [8] for further details). Now, referring back
to the first paragraph of this appendix, we show specif-
ically that the Einstein field equations depend very lit-
tle, if any, on whether σ is a constant or a function of
time. Since we are considering here that σ is a function
of time as opposed to a constant like considered by [8],
the addition terms that could possibly change the Ein-
stein field equations including the evolution of the scale
factor [Eq. (5)] and the energy-momentum tensor, would
be those involving the time derivatives of the spacetime
metric components gµν of Eq. (2). First of all, we no-
tice that the energy-momentum tensor Σµν on the right-
hand side of Eq. (A.3), given by Eq. (5.19) of [8], does
not contain any time derivatives of the spacetime metric
components of Eq. (2); therefore, considering σ to be a
function of time, instead of a constant, would not add
additional terms to the energy-momentum tensor that
would change the field equations from that of [8]. Next,
we point out that in the exact solution of the Einstein
field equations [Eq. (A.3)], [8] assumes that the Ricci (or
Riemann-Cartan curvature) scalar is constant:
R = constant
= − 1
2b
, (A.8)
i.e., a constant over the hyperspace (t = constant), like,
for example, the Hubble constant H , the scale factor a,
the average mass density ρ, etc., for a specific epoch,
where it can be shown from the equations that describe
the state of the matter that
b−1 = 32πG
(
ρ− p− B
2
a4
)
, (A.9)
with c = 1.
So, now, we need to focus only on the Riemann-
Christoffel curvature tensor [Eq. (A.1)] and its contracted
(Ricci) curvature tensor [Eq. (A.6)] of Eq. (A.3). The
uniqueness of the curvature tensor states that it is the
only tensor that can be constructed from the metric ten-
sor and its first and second derivatives, and is linear in the
second derivatives [45]. The fact that the curvature ten-
sor is constructed from the metric tensor and its first and
second derivatives can be seen by comparing the general
expressions of Eqs. (A.1) and (A.6) with the expression
for the Christoffel symbol given by Eq. (40).
Now, considering the the Riemann-Christoffel curva-
ture tensor [Eq. (A.1)], which leads to the Einstein field
equations [Eq. (A.3)], we must evaluate the local Lorentz
connection Γ˜abµ. We will follow the same method as [8]
except now we will consider σ of the spacetime metric
[Eq. (2)] to be a function of time instead of a constant as
assumed by [8].
Direct calculation of the local Lorentz connection [8]:
Γ˜abµ = h
a
αh
β
b Γ˜
α
βµ + h
a
α∂µh
α
b (A.10)
(with Γ˜αβµ as the Christoffel symbols), using the local
orthonormal (Lorentz) tetrad haµ:
h0ˆ0 = 1,
h0ˆ2 = −a
√
σ emx = h2ˆ0,
h1ˆ1 = h
3ˆ
3 = a,
h2ˆ2 = ae
mx
√
k + σ; (A.11)
and its inverse hµa :
h0
0ˆ
= 1,
h0
2ˆ
=
√
σ
k + σ
= h2
0ˆ
,
h1
1ˆ
= h3
3ˆ
=
1
a
,
h2
2ˆ
=
1
aemx
√
k + σ
; (A.12)
yields for the metric of Eq. (2) the following nonzero local
Lorentz connections:
Γ˜0ˆ
2ˆ0ˆ
= Γ˜1ˆ
2ˆ1ˆ
= Γ˜3ˆ
2ˆ3ˆ
=
a˙
a
√
σ
k + σ
, (A.13a)
Γ˜1ˆ
2ˆ2ˆ
= −m
a
, (A.13b)
Γ˜2ˆ
0ˆ1ˆ
= Γ˜2ˆ
1ˆ0ˆ
= −Γ˜0ˆ
1ˆ2ˆ
=
m
2a
√
σ
k + σ
, (A.13c)
when σ is considered to be a constant [8], where, in the
local orthonormal (Lorentz) tetrad,
Γ˜abc = Γ˜
a
bµh
ν
c δ
µ
ν . (A.14)
A caret denotes tetrad indices; and, recall, a Latin al-
phabet is used for the local Lorentz frame, i.e., a, b, . . . =
0ˆ, 1ˆ, 2ˆ, 3ˆ.
Since only the Lorentz connections of Eq. (A.13a) in-
volve the time derivative of the scale factor a(t), and since
a(t) and σ occur only as multiplying factors in Eq. (2),
and the connections of Eq. (A.13a) are all equal, we need
only look at, say, Γ˜0ˆ
2ˆ0ˆ
to see the change, if any, in the
field equations if σ ≡ σ(t). So, with free index µ = 0 in
Eq. (A.10) along with a = 0ˆ and b = 2ˆ, and with c = 0ˆ
substituted into Eq. (A.14), we evaluate Γ˜0ˆ
2ˆ0ˆ
. Therefore,
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Γ˜0ˆ
2ˆ0ˆ
= Γ˜0ˆ
2ˆ0
h0
0ˆ
= h0ˆαh
β
2ˆ
Γ˜αβ0 + h
0ˆ
α∂0h
α
2ˆ
= h0ˆαh
0
2ˆ
Γ˜α00 + h
0ˆ
αh
1
2ˆ
Γ˜α10 + h
0ˆ
αh
2
2ˆ
Γ˜α20 + h
0ˆ
αh
3
2ˆ
Γ˜α30 + h
0ˆ
α∂0h
α
2ˆ
= h0ˆ0h
0
2ˆ
Γ˜000 + h
0ˆ
0h
1
2ˆ
Γ˜010 + h
0ˆ
0h
2
2ˆ
Γ˜020 + h
0ˆ
0h
3
2ˆ
Γ˜030 + h
0ˆ
0∂0h
0
2ˆ
+h0ˆ1h
0
2ˆ
Γ˜100 + h
0ˆ
1h
1
2ˆ
Γ˜110 + h
0ˆ
1h
2
2ˆ
Γ˜120 + h
0ˆ
1h
3
2ˆ
Γ˜130 + h
0ˆ
1∂0h
1
2ˆ
+h0ˆ2h
0
2ˆ
Γ˜200 + h
0ˆ
2h
1
2ˆ
Γ˜210 + h
0ˆ
2h
2
2ˆ
Γ˜220 + h
0ˆ
2h
3
2ˆ
Γ˜230 + h
0ˆ
2∂0h
2
2ˆ
+h0ˆ3h
0
2ˆ
Γ˜300 + h
0ˆ
3h
1
2ˆ
Γ˜310 + h
0ˆ
3h
2
2ˆ
Γ˜320 + h
0ˆ
3h
3
2ˆ
Γ˜330 + h
0ˆ
3∂0h
3
2ˆ
, (A.15)
where we have summed over β = 0, 1, 2, 3, then summed
over α = 0, 1, 2, 3, and used h0
0ˆ
= 1 of Eq. (A.12).
Upon using the local orthonormal tetrad of Eqs. (A.11)
and (A.12), Eq. (A.15) reduces to
Γ˜0ˆ
2ˆ0ˆ
= h0ˆ0h
0
2ˆ
Γ˜000 + h
0ˆ
0h
2
2ˆ
Γ˜020 + h
0ˆ
2h
0
2ˆ
Γ˜200
+h0ˆ2h
2
2ˆ
Γ˜220 + h
0ˆ
2∂0h
2
2ˆ
, (A.16)
with all the other terms being zero.
Next, we evaluate the Christoffel symbols in
Eq. (A.16), using the spacetime metric of Eq. (2), the
corresponding (matrix) inverse metric components gµν :
g00 =
k
k + σ
,
g02 = −
√
σ
aemx[k + σ]
= g20,
g11 = − 1
a2
,
g22 = − 1
a2e2mx[k + σ]
,
g33 = − 1
a2
, (A.17)
and Eq. (40), where a, σ, and k [Eq. (60)] are now all
considered to be functions of cosmological time t. Thus,
we find that
Γ˜000 =
σ
a(k + σ)
(
σ˙
2σ
a+ a˙
)
, (A.18a)
Γ˜020 =
√
σ emx
2(k + σ)
(2a˙k + ak˙), (A.18b)
Γ˜200 =
√
σ
a2emx(k + σ)
(
σ˙
2σ
a+ a˙
)
, (A.18c)
Γ˜220 =
1
2a(k + σ)
(2a˙k + ak˙), (A.18d)
where the comoving coordinate distance x is by definition
fixed.
Evaluation of the terms on the right-hand side
of Eq. (A.16) separately and consecutively using
Eqs. (A.11), (A.12), and (A.18) yields
h0ˆ0h
0
2ˆ
Γ˜000 =
1
a
(
σ
k + σ
)3/2(
σ˙
2σ
a+ a˙
)
, (A.19a)
h0ˆ0h
2
2ˆ
Γ˜020 =
1
2a
√
σ
k + σ
(
1
k + σ
)
(2a˙k + ak˙),
(A.19b)
h0ˆ2h
0
2ˆ
Γ˜200 = −
1
a
(
σ
k + σ
)3/2(
σ˙
2σ
a+ a˙
)
, (A.19c)
h0ˆ2h
2
2ˆ
Γ˜220 = −
1
2a
√
σ
k + σ
(
1
k + σ
)
(2a˙k + ak˙),
(A.19d)
h0ˆ2∂0h
2
2ˆ
=
√
σ
k + σ
(
σ˙
2σ
+
a˙
a
)
. (A.19e)
Upon substitution of the terms of Eq. (A.19) into
Eq. (A.16) yields for the local Lorentz connection Γ˜0ˆ
2ˆ0ˆ
,
Γ˜0ˆ
2ˆ0ˆ
=
(
a˙
a
+
σ˙
2σ
)√
σ
k + σ
. (A.20)
Compare the above metric connection of Eq. (A.20) for
σ = σ(t) to that of Eq. (A.13a) for σ = constant (as
given by Ref. [8]). The only difference is the added term
involving the time derivative of σ.
Finally, upon substitution of the model parameters
used in this present manuscript for σ and k [Eqs. (59)
and (60)] and their derivatives:
σ(t) ≡ ec1t/t0 , σ˙(t) = c1
t0
σ(t), (A.21a)
k = c2σ, k˙ = c2σ˙ =
c2c1
t0
σ, (A.21b)
with
σ
k + σ
=
1
c2 + 1
, (A.22)
Eq. (A.20) reduces to a term independent of σ, k, and
their derivatives:
Γ˜0ˆ
2ˆ0ˆ
=
(
a˙
a
+
c1
2t0
)√
1
c2 + 1
, (A.23)
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yet dependent mainly on a and a˙ as in the case when σ
is considered to be a constant (compare Eq. (A.13a), but
with a trivially small added constant c1/2t0 ≈ −1.3 ×
10−16 s−1, with c1 = −115 and t0 = 13.8× 109 yr, whose
absolute value is << 1 s−1, and whose value goes to zero
in the Riemann-Christoffel curvature tensor [Eq. (A.1)]
and its contracted (Ricci) curvature tensor [Eq. (A.6)] of
Eq. (A.3) when the time derivatives are taken, validating
the assumption of triviality of the additional terms in the
gravitational field equations, as stated in Sec. III E, in
these of order calculations [compare, e.g.,Eqs. (69), (91),
(94), and (95)]. That is, there will be no time derivatives
of the parameter σ(t) in the gravitational field equations.
Moreover, since we are specifically using the torsion
acceleration term in Eq. (5) (third term on the right-
hand side) to compare with the gravitomagnetic accel-
eration [Eq. (69)] brings out the negligibility or trivi-
ality in these present calculations of the constant term
c1/2t0. In order to see the exact role of this constant
term, if any, one would have to re-evaluate the Riemann-
Cartan curvature tensor and thus Einstein-Cartan gravi-
tational field equations in their entirety, which is beyond
the scope of this manuscript. Nor does it seem necces-
sary since we can estimate its role: If this constant term
does not cancel and appears as a square (c1/2t0)
2, which
would be at its maximum second order value, express-
ing a constant acceleration per unit length in the field
equations, like the Hubble parameter [compare Eqs. (5),
(6), and (A.23)], though not changing over time like the
Hubble parameter, it could possibly contribute to the
cosmic expansion at some point in time. However, its
value must be compared with the other accelerations in
Eq. (5), which change over time, to see when in time, if
ever, this constant would be important. This possibility
is investigated elsewhere [39]. However, a preliminary in-
vestigation further validates the assumption of triviality
of such constant term (c1/2t0)
2, again, if it exist in the
gravitational field equations and the equation of motion
of the scale factor [Eq. (5)]. This preliminary investiga-
tion shows that the evolution of the terms in Eq. (5) for
the range of z values in Fig. 2 reveals that (c1/2t0)
2 is
much smaller than the other terms in the early universe
and would not appear to become relevant until near the
present day where its absolute value is still smaller than
the second term on the right-hand side of Eq. (5), and this
relevance continues to be diminished by the third term,
i.e., the torsion or GM acceleration as z gets smaller, as
measured by a present day observer.
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